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1.0 INTRODUCTION 

This document reports on Contract NAS8-36583 and is in response to the work which was 
performed in developing and delivering hardware for the Space Station Common Module Network 
Topology and Hardware Development contract. This work was performed by Martin Marietta 
Corporation, Denver Astronautics Group for the National Aeronautics and Space Administration, 
George C. Marshall Space Flight Center, in support of the Electrical Power Branches' 
development of an automated power distribution system test bed. The NASA Contracting 
Officer’s technical representative for the contract is Ms. Cindy Thomason. Martin Marietta is 
r'-'orting on Tasks I, II, III, and IV of the contract. 

Task I Common Module Power Management and Distribution System Preliminary 
Definition 

Task II Hardware Selection 

Task III Hardware Advanced Development and Verification Test 

Task IV Common Module Power Management and Distribution Breadboard Testing 
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2.0 TASK I 

Space Station Common Module Power Management and Distribution System Preliminary Definition 

The purpose of Task I was to develop conceptual Space Station Common Module Power 
Management and Distribution (SSM/PMAD) network layouts, develop detailed network 
evaluations, and to identify individual pieces of hardware to be developed for the SSM/PMAD test 
bed. 

2.1 SSM/PMAD Requirements Definition 

The requirements in the Statement of Work (SOW), the Martin Marietta Astronautics Group 
(MMAG) SSM/PMAD requirements, the former revision of the Space Station Reference 
Configuration Description, and tne space station system efforts as defined in the C2, C3 and C4 
specifications were analyzed and used to develop a set of baseline SSM/PMAD requirements. 
These requirements were reviewed with the Marshall Space Flight Center (MSFC) Contracting 
Officer Representative (COR) eariy in the program and are listed in Table 2.1-1. 

2.2 Loads Analysis 

A space station loads data base was developed from a previously existing space station 
loads analysis data base as reflected in Table 2.2-1. This provided a point of departure to develop 
switchgear current carrying requirements. 

2.3 Conceptual Network Layouts 

Conceptual network layouts were developed based on functional, configuration and energy 
storage candidate networks as supplied by MSFC. Several ground rules were established which 
were taken into account in developing the conceptual layouts: 

1 . Redundancy - a) Each load will have a minimum of two paths back to the primary 
power source; b) redundancy will be implemented to such a degree as to identify all 
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Table 2.1-1 CM/PMAD Requirements 


Requirement 

1 . The CM EPS shall convert and condition primary distribution system 
power to the types best suited for distribution. Within the CM, the 
power shall be distributed, monitored, circuit protected and 
controlled. Power networks shall be provided for all avionics. 

2. Accept power from redundant utility buses. Loss of one 
functional path will not result in the loss of the alternate redundant 
path. 

3 . Diverse routing of redundant wiring and equipment shall be 
implemented. 

4. The design shall preclude a single open circuit causing loss of the 
bus. 

5 . The design shall provide verification of redundancy without ORU 
removal. 

6. The EPS shall provide both redundancy status and management. 

7 . Redundant accommodations for complete command and control 
shall be provided in separate locations. 

8 . A means of selecting/deselecting prime power buses and loads 
shall be provided. 

9 . Power sources and distribution shall be protected against over- 
loads and faults. 

10. All wiring shall be protected at the source or be current limited. 

11. All circuit protection devices shall be resettable or replaceable. 

1 2. Ground fault protection shall be provided on circuits that are 
accessible. 

1 3 . The design shall preclude failure propagation. 

14. All equipment shall be easily removed and replaced at the ORU level. 

1 5 . The system shall be capable of undergoing maintenance without 
interruption of critical services or other SSPE operations. 

1 6. Maintenance shall not cause hazardous or destructive conditions. 
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Source 
Document/ 
Paragraph # 

SS-SRD-100/ 
2.2.3. 1 

C-4/2. 1.10.4 

C-4/2.2.3.h 

C-4/2.2.3.h 

C-4/ 

2. 1.10. 2. a 
C-4/ 

2. 1.10. 2. b 

SS-SRD-100/ 
2.1.1 1.4. b 

C-4/2. 2. 3. f 

C-4/2. 2. 3. e 

C-4/2. 2. 3. h 
C-4/2. 2. 3. h 
C-4 / 

2.1.1 1.2. k 
C-4/2. 1.10.3 
C-3/3.2.a 
C-4/2. 1.9.d 

C-4/2. 1.9.g 
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Table 2.1-1 CM/PMA Requirements (Concl). 


Requirement 

17. Subsystem design shall accommodate ORU replacement at any 
time. 

18. Independent subsystems shall be developed to facilitate operations/ 
maintenance. 

1 9. The ORU shall provide monitoring, checkout and fault detection and 
isolation to the ORU without removing the ORU. 

20. The EPS shall support hardware communality to the maximum extent 
practical to facilitate system growth. 

2 1 . The design shall accommodate new technology as appropriate to 
optimize benefits to the program. 

22. The subsystem shall have the capability to progressively modified or 
upgraded on orbit to accommodate evolving technologies. 

23. Provide power to safe haven. 

24. The design shall accept probable primary input power types: a) High 
frequency 1 0 AC; b) Low frequency (<1 kHz) single or multiphase 
AC at > 150 AC (rms); c) > 150 Vdc. 

25. The design shall have the capability for distributing 25 kW internal 
and 25 kW external. The system shall be redundant 

26. The design shall provide the capability of distributing utility power. 

27. Safety or mission critical functions shall be fail/op fail safe restorable. 

28. The crew shall not be exposed to high voltage power leads. 

29. The design shall employ an electrical single point ground. 

30. Manual overrides and inhibits shall be provided for automated 
functions. 

3 1 . The EPS network configuration shall be transparent to the energy 
conversion and storage technologies selected. 

32. Hardware design shall be electromagnetic compatible. 

33. Control systems (i.e., swi chgear, sensors) shall provide outputs 
which may be integrated with the automation control system. 

34. The CM/PMAD shall be capable of surviving decompression. 
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Source 
Document/ 
Paragraph # 

C-4/2.1.9.i 

C-3/3.2.j 

C-4/2.1.9.C 

C-4/2.1.5 

C-4/2.1.6 

C-3/2. l.a 

C-4/2.2.3.i 

Task I. a/ 
(RFP) 

SS-SRD-100/ 
2.2.3. 2 

C-4/2.2.3.C 

C-3/2.2.C 

C-4/2.1.11.k 

C-4/2.2.3.g 

C-3/3.3.b 

Task I.e/ 
(RFP) 

Derived 

Derived from 
C-3/3.3.a 
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Table 2.2-1 Space Station Loads Data Base 


SUBASSY 

C02 Removal 
C02 Reduction 
02 Generation 
Urine Hygiene Processing 
Urine Hygiene Processing 
Potable Water Processing 
Potable Water Processing 
H20 Storage & Distribution 
Trash Coll. & Processing 
Propellant Tanks 
Pressure Transducers 
Pressure Transducers 
Propellant Tanks 
Pressure Transducers 
Propellant Tanks 
Pressure Transducers 
Battery/Charger-Log 
- 0 - 

Sputtering Deposition Unit 
Mass Measurement System 
Metallographic Microscope 
X-ray Topography Unit 
UV/VIS/NIR Spectrometer 
Optical Microscope 
Low Speed Centrifuge 
Hall Probe 

Auto. Cut & Polishing Unit 
Hi-Perf. Liq. Chromatograph 
Scanning Electron Microsc. 
Fourier Tmsfrm IR Spect. 

Gas Chromgph-Mass Spectro. 
Elec Conductivity Probe 
Battery Charger 
Liq./Solid Seperation Sys. 
Fluids Glovebox 
Master Computer 
3- Axis Rec. Accelerometer 
Freeze Drier 
Video Facilities 
Waster Disposal System 
- 0 - 
- 0 - 
- 0 - 

Annunciator Unit 
Remote Annunciator 
Mag Disk (600 MBIT) 

Mag Tape (1000 GBIT ) 

Bus Interface Units 
Gateway Interface Unit 


NOMINAL DUTYCYCL MIL HB1 


HB2 LOG LSL 


157.000 

1.00000 

294.000 

1.00000 

1597.00 

1.00000 

40.0000 

- 0 - 

550.000 

1.00000 

550.000 

1.00000 

20.0000 

1.00000 

3.00000 

- 0 - 

15.0000 

1.00000 

12.0000 

0.50000 

0.60000 

1.00000 

0.60000 

1.00000 

12.0000 

0.50000 

0.60000 

1.00000 

12.0000 

0.50000 

0.60000 

1.00000 

35 "'000 

1.00000 

80.0000 

1.00000 

1700.00 

0.08000 

100.000 

0.16000 

200.000 

0.16000 

1500.00 

0.16000 

250.000 

0.16000 

50.0000 

0.25000 

250.000 

0.33000 

500.000 

0.16000 

750.000 

0.42000 

2500.00 

0.16000 

1500.00 

0.25000 

750.000 

0.25000 

4000.00 

0.16000 

150.000 

0.04000 

20.0000 

0.50000 

200.000 

0.08000 

200.000 

0.25000 

1000.00 

1.00000 

50.0000 

1.00000 

500.000 

0.08000 

100.000 

0.33000 

750.000 

0.50000 

150.000 

0.01000 

300.000 

0.37500 

150.000 

0.04160 

5.00000 

0.01000 

i . 00000 

0.01000 

10.0000 

0.50000 

10.0000 

0.50000 

5.00000 

1.00000 

’ 0.0000 

1.00000 


1 

1 

1 

- 0 - 

1 

1 

1 

1 

- 0 - 

1 

1 

1 

1 

- 0 - 

1 

- 0 - 

1 

1 

- 0 - 

- 0 - 

- 0 - 

1 

1 

- 0 - 

- 0 - 

1 

1 

- 0 - 

- 0 - 

- 0 - 

1 

1 

1 

- 0 - 

1 

- 0 - 

1 

1 

- 0 - 

- 0 - 

- 0 - 

1 

- 0 - 

1 

- 0 - 

- 0 - 

- 0 - 

- 0 - 

- 0 - 

- 0 - 

- 0 - 

- 0 - 

- 0 - 

- 0 - 

- 0 - 

- 0 - 

- 0 - 

- 0 - 

- 0 - 

- 0 - 

- 0 - 

- 0 - 

- 0 - 

3 

- 0 - 

- 0 - 

- 0 - 

- 0 - 

7 

0 

- 0 - 

- 0 - 

- 0 - 

- 0 - 

- 0 - 

- 0 - 

- 0 - 

- 0 - 

7 

- 0 - 

- 0 - 

- 0 - 

- 0 - 

2 

- 0 - 

- 0 - 

- 0 - 

- 0 - 

- 0 - 

- 0 - 

1 

- 0 - 

- 0 - 

- 0 - 

- 0 - 

1 

- 0 - 

- 0 - 

- 0 - 

- 0 - 

1 

- 0 - 

- 0 - 

- 0 - 

- 0 - 

1 

- 0 - 

- 0 - 

- 0 - 

- 0 - 

1 

- 0 - 

- 0 - 

- 0 - 

- 0 - 

1 

- 0 - 

- 0 - 

- 0 - 

- 0 - 

1 

- 0 - 

- 0 - 

- 0 - 

- 0 - 

1 

- 0 - 

- 0 - 

- 0 - 

- 0 - 

1 

- 0 - 

- 0 - 

- 0 - 

- 0 - 

1 

- 0 - 

- 0 - 

- 0 - 

- 0 - 

1 

- 0 - 

- 0 - 

- 0 - 

- 0 - 

1 

- 0 - 

- 0 - 

- 0 - 

- 0 - 

1 

- 0 - 

- 0 - 

- 0 - 

- 0 - 

1 

- 0 - 

- 0 - 

- 0 - 

- 0 - 

1 

- 0 - 

- 0 - 

- 0 - 

- 0 - 

1 

- 0 - 

- 0 - 

- 0 - 

- 0 - 

1 

- 0 - 

- 0 - 

- 0 - 

- 0 - 

1 

- 0 - 

- 0 - 

- 0 - 

- 0 - 

1 

- 0 - 

- 0 - 

- 0 - 

- 0 - 

1 

- 0 - 

- 0 - 

- 0 - 

- 0 - 

1 

- 0 - 

- 0 - 

- 0 - 

- 0 - 

1 

- 0 - 

- 0 - 

- 0 - 

- 0 - 

2 

2 

2 

2 

2 

- 0 - 

1 

- 0 - 

- 0 - 

- 0 - 

1 

1 

1 

1 

1 

2 

1 

1 

- 0 - 

1 

1 

3 

3 

4 

3 

3 

2 

2 

- 0 - 

3 

1 

1 

1 

- 0 - 

2 

55 

14 

14 

12 

16 

3 

2 

2 

2 

2 
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Table 2.2-1 Space Station Loads Data Base (Cont'd) 


SUBASSY 

Subsystem Controller 
Dedicated Controller 
Circulation Fan 
Cabin Fan Package 
Temp Controller 
Bulk Storage Freezer 
Freezer 

02/N2 Pressure Controller 

Vent & Relief 

Primary Power Dist. Assy. 

Secondary Distrib. Assy. 

Subsystem Load Center 

Exterior Light Controller 

Int. Light Controller 

Emergency Lighting 

- 0 - 

- 0 - 

- 0 - 

- 0 - 

Pump Package 
Control Valves 
Pressure Sensor 
Flow Meter 
Pump Package 
Control Valve 
Pressure Sensors 
Flow Meter 

Ext. Power Condition Assy 
Ext. DC Power Conditioning 
Valve Drive Amp Assy 
Power Condition Assy 
Particulate Glovebox 
Data Recording Unit 
H20 Detonizer/Depyrogeniz 
UV Sterilization Oven 
Port. UV Sterilization Ut 
Optical Pyrometer 
Dig. Reading Oscilloscope 
Stereo Macroscope 
Freezer 
Refrigerator 
Latex Reactor System 
Protein Crystal Growth FC 
Direct Solidification Fur 
Droplet Combustion Facil. 
Controlled Atmosphere Fur 
Electrophoresis Facility 
Vapor Crystal Growth Fur 
Acoustic Contrless Pr Fac 


NOMINAL 

DUTYCYCL 

MIL 

HB1 

HB2 

LOG 

LSL 

30.0000 

1.00000 

23 

14 

14 

12 

16 

50.0000 

1.00000 

36 

54 

28 

36 

24 

650.000 

1.00000 

1 

1 

1 

1 

1 

730.000 

1.00000 

2 

2 

2 

2 

2 

31.0000 

1.00000 

2 

2 

2 

2 

2 

495.000 

0.50000 

-0- 

-0- 

-0- 

1 

-0- 

495.000 

0.50000 

-0- 

1 

-0- 

1 

-0- 

30.0000 

1.00000 

1 

1 

1 

1 

1 

17.0000 

0.01000 

1 

1 

1 

1 

1 

20.0000 

1.00000 

2 

2 

2 

-0- 

2 

20.0000 

1.00000 

2 

2 

2 

2 

2 

20.0000 

1.00000 

3 

3 

3 

2 

3 

10.0000 

1.00000 

4 

4 

4 

4 

4 

220.000 

0.67000 

2 

2 

2 

2 

2 

20.0000 

1.00000 

2 

2 

2 

2 

2 

8.40000 

0.20000 

2 

2 

2 

2 

2 

20.0000 

1.00000 

4 

2 

2 

2 

2 

42.0000 

1.00000 

1 

1 

1 

1 

1 

35.0000 

0.20000 

1 

4 

4 

1 

2 

776.000 

1.00000 

2 

2 

2 

1 

2 

69.0000 

1.00000 

19 

14 

14 

9 

14 

3.84000 

1.00000 

4 

2 

2 

1 

2 

0.84000 

1.00000 

8 

6 

6 

4 

6 

371.000 

1.00000 

2 

2 

2 

-0- 

2 

92.0000 

1.00000 

1 

1 

1 

-0- 

1 

0.84000 

1.00000 

2 

2 

2 

-0- 

2 

0.84000 

1.00000 

4 

4 

4 

-0- 

4 

30.0000 

1.00000 

-0- 

-0- 

-0- 

-0- 

-0- 

30.0000 

1.00000 

-0- 

-0- 

-0- 

-0- 

-0- 

45.0000 

1.00000 

-0- 

-0- 

-0- 

-0- 

-0- 

20.0000 

1.00000 

4 

2 

2 

-0- 

2 

250.000 

0.75000 

1 

-0- 

-0- 

-0- 

-0- 

100.000 

1.00000 

1 

-0- 

-0- 

-0- 

-0- 

3000.00 

0.50000 

1 

-0- 

-0- 

-0- 

-0- 

150.000 

0.08000 

1 

-0- 

-0- 

-0- 

-0- 

100.000 

0.08000 

1 

-0- 

-0- 

-0- 

-0- 

20.0000 

0.08000 

1 

-0- 

-0- 

-0- 

-0- 

100.000 

0.50000 

1 

-0- 

-0- 

-0- 

-0- 

10.0000 

0.08000 

1 

-0- 

-0- 

-0- 

-0- 

500.000 

1.00000 

1 

-0- 

-0- 

-0- 

-0- 

300.000 

1.00000 

1 

-0- 

-0- 

-0- 

-0- 

100.000 

1.00000 

1 

-0- 

-0- 

-0- 

-0- 

500.000 

0.75000 

1 

-0- 

-0- 

-0- 

-0- 

15000.0 

0.83000 

1 

-0- 

-0- 

-0- 

-0- 

500.000 

0.16000 

1 

-0- 

-0- 

-0- 

-0- 

3500.00 

0.50000 

1 

-0- 

-0- 

-0- 

-0- 

3000.00 

0.75000 

1 

-0- 

-0- 

-0- 

-0- 

2000.00 

0.83000 

1 

-0- 

-0- 

-0- 

-0- 

5000.00 

0.50000 

1 

-0- 

-0- 

-0- 

-0- 
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Table 2.2-1 Space Station Loads Data Base (Concl) 


SUBASSY 

NOMINAL 

DUTYCYCL 

MIL 

HB1 

HB2 

LOG 

LSL 

Glass Fiber Pulling Fac 

2000.00 

0.16000 

1 

-0- 

-0- 

-0- 

-0- 

Process Air Dist. Bus. 

117.600 

1.00000 

1 

1 

1 

1 

1 

Contam Cntrl & Monitor Ct 

126.000 

1.00000 

1 

1 

1 

-0- 

1 

Atmos & Cont Monitor 

26.0000 

1.00000 

1 

1 

1 

1 

1 

Atmos & Cont Monitor 

165.000 

1.00000 

1 

1 

1 

1 

1 


switchgear, sensors, or other hardware needed for the Space Station Common 
Module PM AD. 

2. Commonality - A standard control and monitor interface concept will be selected 
ensure maximum system flexibility. 

3 . Current Monitors - Switchgear will contain the necessary current monitors to perform 
current limiting and fault protection. Precision current monitors required for load 
management will be separate devices. 

4 . Ground Fault Protection (GFP) - Remote power controllers located in the load control 
centers will contain built-in ground fault protection. This feature will not be provided 
in the primary and secondary distribution assemblies. The purpose of GFP is to 
protect personnel from shock hazards and is necessary only at the lowest level of 
power distribution.* 

* Note: The 20 kHz RPCs developed for the NASA-MSFC breadboard incorporate 
this feature. However, the breadboard DC RPCs do not contain ground 
fault detectors due to the grounding configuration which was implemented 
into the breadboard system (the RPC switches only switch the "hot" side of 
the power and is therefore unable to perform ground fault detection). 

During Task I, Martin Marietta developed four breadboard network schematics which 
reflected the three main power distribution options which were relevant at the time (200 Vac single- 
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phase 20 kHz, 115 Vac three-phase 400 Hz and 150 Vdc). The baseline at this time was the 1 15 
Vac, three-phase, 400 Hz option. 

Each of these power distribution options were developed into breadboard network 
schematics as shown in Figures 2.3-1 through 2.3-4. Each breadboard network contained primary 
and redundant power buses feeding five racks. Rack 1 was the primary distribution center and 
contained "bulk" converters for the applicable options (Options 2, 3 and 4). Each option contained 
a 115 V, 400 Hz system distributor (rack 2) and some post-conditioning at the rack user level. 
Option 1 (Figure 2.3-1) was a 1 15 Vac, 400 Hz system with post-conditioning to 1 15 Vac, 60 Hz, 
150 Vdc, and/or 28 Vdc (rack 5 level). Option 2 (Figure 2.3-2) was a 115 Vac, 400 Hz power 
source with bulk conversion to 150 Vdc for distribution to user racks 2, 4 and 5. Post 
conditioning is shown in rack 5 to 1 15 Vac, 60 Hz and/or 28 Vdc. Option 3 (Figure 2.3-3) utilized 
a 150 Vdc power source with bulk conditioning to 115 Vdc, 400 Hz for use in the secondary 
distributor (rack 2). Post-conditioning is shown in rack 5 to 115 Vac, 60 Hz, 1 15 Vac 400 Hz 
and/or 28 Vdc. Option 4 (Figure 2.3-4) utilized a 200 Vac 20 kHz power source with bulk 
conditioning to 150 Vdc for distribution to racks 2, 3 and 5. Bulk conditioning was included to 
provide 1 15 Vac, 400 Hz to the secondary distributor. 

A directive was sent from MSFC to Martin Marietta in May, 1986 to change the distributed 
power baseline from 115 Vac, three-phase, 400 Hz to 208 Vac, single-phase, 20 kHz. This, along 
with the 150 Vdc option, were to be the two distribution technologies which were to be developed. 
Schematics and previously developed equipment lists were updated to reflect this change to the 20 
kHz baseline. 

2.4 Network Concept Selection 

The MSFC breadboard configuration was a combined effort of this contract and the of the 
Space Station Common Module Power Management and Distribution (SSM/PMAD) contract. A 
block diagram of the ring-bus configuration which was developed for the MSFC 20 kHz 
distribution breadboard is shown in Figure 2.4-1. 
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This configuration utilizes a dual ring bus driving two power distribution and control units 
(PDCU). Each PDCU contains three remote bus isolators (RBI's), two remote controlled circuit 
breakers (RCCB's), six-3 kW remote power controllers (RPC’s), and twelve sensor sets. Each 
PDCU is capable of providing power to six load centers. A load center distributes power directly 
to user loads via 1 kW RPC's which can be cross- strapped to provide redundant load power. 

A star-bus configuration (Figure 2.4-2) has been developed to distribute 120 Vdc (formerly 
150 Vdc) in a separate MSFC breadboard. In the star-bus configuration, load centers are fed 
dire^ay via RBI’s and 3 kW RPC's from the PDCU's. This star-bus configuration is the present 
baseUne for the +120 Vdc distribution system and has been developed as a working breadboard at 

MSFC. 


TASK I 


2-8 


Final 

Report 


MCR-90-536 
July 1990 


MSFC PROPOSED BREADBOARD 
POWER DISTRIBUTION NETWORK SCHEMATIC (OPTION ONE) 
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MSFC PROPOSED BREADBOARD 
POWER DISTRIBUnON NETWORK SCHEMATIC (OPTION TWO) 
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Figure 2.3-2 Option 2 Breadboard 
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MSFC PROPOSED BREADBOARD 
POWER DISTRIBUTION NETWORK SCHEMATIC (OPTION THREE) 
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Ring Bus Configuration 
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Figure 2.4-2 Star Bus Configuration 
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3.0 TASK D 

Hardware Selection 

The types and quantities of deliverable hardware which was selected to be incorporated into 
the MSFC breadboard is listed in Table 3.2-1. This list has been compiled and revised throughout 
the history of the contract. The original list was developed based on the breadboard topology 
selected, the original contract value, and the estimated cost of the individual hardware items. This 
original list was revised several times throughout the history of the program through a series of 
add-on and change-order proposals. 

3.1 Technology Readiness Assessment 

A technology readiness assessment report was developed during Task 2 which identified 
pieces of equipment requin.. g development effort to support the Space Station phase C/D effort. 
Equipment lists were developed from the previously selected network schematics. Additionally, 
functional requirements for the network equipment as well as other requirements which affected the 
suitability of specific items for use on the Space Station program were identified. A copy of this 
technology readiness report can be found in Appendix I. 


TASK n 


3-1 




Table 3.2-1 MSFC Breadboard Hardware (as of July, 1990) 


Hardware Assembly Number of Units 


Remote Power Controller (RPC) 


AC 1 kW 

20 

AC 3 kW 

12 

DC 1 kW 

35 

DC 3 kW 

15 

Remote Controlled Circuit Breaker (RCCB) 


AC 10 kW 

9 

DC 10 kW 

6 

Remote Bus Isolator (RBI) 


AC 

4 

DC 

2 

Generic Controller Circuit (GC) 

80 

Switchgear Interface Controller (SIC) 

14 

Analog-to-Digital Card (A/D) 

9 

Card Cage 

5 

Test Tool 

1 

Temperature Sensor 

40 

Voltage Sensors 


DC 120 V 

42 

AC 208 V, 20 kHz 

32 

Current Sensors 


DC 15 A 

12 

DC 50 A 

16 

DC 100 A 

17 

Transorbs 

15 

SIC-LLP Interface Cables 

15 
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4.0 TASK ffl 

Hardware Advanced Development and Verification Tests 

This section describes the requirements and design of each individual hardware assembly 
developed on the Space Station Common Module Network Topology and Hardware Development 
Program. Assembly requirements were derived based on the SSM/PMAD requirements developed 
during Task I and on the selec:sd SSM/PMAD network concepts. Basic requirements and 
simplified design block diagrams are included in Section 4 for each assembly. Appropriate 
appendices have been added to include equipment specifications and product control drawings 
where applicable. These appendices are referenced in their proper assembly sections. 

4.1 Switchgear Interface Controller (SIC) 

4.1.1 SIC Requirements 

The Switchgear Interface Control (SIC) Card is required to communicate with a Lowest 
Level Processor (LLP), 14 Geneiic Controller (GC) Cards, and an Analog to Digital (A/D) Card. 
The SIC must process 19 different commands sent from an LLP and return response data 
consistent with the LLP/SIC interface document found in Appendix II. Also, a SIC must 
communicate with 14 GC cards, each of which is capable of controlling and monitoring a Remote 
Bus Isolator (RBI), a Remote Controlled Circuit Breaker (RCCB), or a Remote Power Controller 
(RPC). Additionally, a SIC communicates with an A/D card and receives 16 voltage, current, and 
temperature sensor data inputs. 

4.1.2 SIC Design 

The SIC is designed to provide and receive command and data information from a lowest 
level processor, 14 GC cards, ard an A/D card. This information is processed in a 6800 8-bit 
microprocessor programmed via a 2764 EPROM. A simplified block diagram of the SIC can be 
found in Figure 4. 1.2-1. 
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Switchgear Interface Controller Card 
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A SIC communicates serially with an LLP via optically-isolated RS-422 transmit and receive lines. 
The serial data that is received by the SIC is passed to a serial-to-parallel (8-bit) converter and 
transferred to the system data bus. Outgoing data from the SIC to LLP is transferred in the reverse 
order - first through a parallel to serial converter and then through a line driver to an optically- 
isolated receiver on the LLP. Data transfer occurs at the system clock rate of 640 kHz. A copy of 
the 19 different LLP to SIC command and response formats may be found in the SIC to LLP 
Interface Document in Appendix II. 

A SIC also communicates seriall / with up to 14 GC cards. The SIC provides the GC cards with 
Data Enable, ON/OFF, and system clock inputs. The GC provides the SIC with serial data 
including switch status, fault, and current level information. 

Communication between an A/D card and a SIC occurs directly on the system address and data 
busses. The SIC also provides the A/D card with system clock and interface read/write control 
lines. 

The SIC uses a Motorola 6800 8-bit microprocessor to control system I/O, store data, and process 
commands. The compiled assembly code is contained on a 2764 EPROM and is found in 
assembly drawing #849NWT31 126. The assembly code contains over 3000 lines of code and is 
compiled by a 2500 A.D. 6800 MacroAssembler. The resulting compiled object code is linked to 
create the executable binary file that resides on the EPROM. 

4.2 Generic Controller (GC) Card 

4.2.1 GC Requirements ('Original! 

A Generic Control (GC) Card is required to control the switching operation of a 20 kHz or 
DC RBI, RCCB, or RPC and return switch status information to the SIC. The GC card receives 
command data information from a SIC and "decides" whether or not to command a switch on or 
off (according to the Truth Table in 4.2. 1-1). Additionally, the GC card processes analog signal 
information passed to it from a switch and decides when to "trip” a switch. Conditions which 
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warrant the GC tripping off a switch are Under Voltage, Over Current (I^t), Surge Current, 
Ground Fault, and Over Temperature conditions. Additionally, an Over Temperature warning, a 
current limit switch turn on processor, and zero voltage and cuiTent crossing detectors are present 
on the GC. Values at which each of these conditions occur are listed in Table 4.2. 1-2. 


STC to GC INPUTS 
ON OFF 


SWITCH STATUS 


0 0 
0 1 
1 0 
1 1 


ON (HARDWARE ERROR) 

ON 

OFF 

NO CHANGE 


Table 4.2.1 -1 GC Card Truth Table Requirements 


Condition 


Values 


Under Voltage 
Over Current (I^t) 

Surge Current 
Ground Fault 
Over Temperature Trip 
Over Temperature Warning 
Current Limit Turn On 


85% of Line Voltage 
115% RMS Current 
400% RMS Current 
50 mA for 40 mS 
125 Degrees Celsius 
100 Degrees Celsius 
130% RMS Current 


Table 4.2.1 -2 GC Card Processor Trip Level Requirements 
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4.2.2 GC Design (Original) 

The Generic Card (Figure 4.2.2- 1) is the controller board for any type of AC or DC switch 
(RBI, RCCB, or RPC). Each GC Card is capable of controlling and monitoring one switch, and 
can communicate serial switch information to one of two possible SIC cards. The GC takes analog 
signal processor, switch status, switch configuration, and SIC command information through a 
state machine (ALTERA Programmable Logic Element and 2764 EPROM) to control the switching 
operation of a switch. The GC provides the SIC card with serial data via an analog-to-digital 
converter and a parallel-to-serial converter. 

The analog processors which are present on the GC can be found in Table 4.2.2- 1. The output of 
each of these processors provides inputs to the state machine and describes which, if any, trips 
have occurred on the switch. A block diagram schematic of each of the analog processors listed in 
Table 4.2.2- 1 can be found in Figure 4.2.2-2. 


Under Voltage 
Zero Voltage Xing 
Ground Fault 


Over Temp Trip 
Over Temp Warning 
Zero Current Xing 


I^t Trip 

Surge Current Trip 
Inrush Over Current 


Table 4.2. 2-1 Analog Signal Processors 


The GC receives switch status information from the switches in the form of either or both a 
mechanical (relay) and a main (solid-state) status. The GC uses pull-up resistors via the 
switchgear to develop the proper digital signal which feeds the state machine (Figure 4.2.2-3). 

The GC card state machine operation is dependent upon which type of switch it is controlling. 
Figure 4.2.2-4 shows the various configurations for AC and DC RBIs, RCCBs, and RPCs. Each 
of the various configure lines influences the path that the state machine takes during its operation. 
Table 4.2.2-2 lists each line which determines a switch's configuration and describes what each 
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ANALOG SIGNAL PROCESSORS 

- Under Voltage 

- Zero Voltage Crossing 

- Ground Fault 

- Over Temp Trip 

- Over Temp Warning 

- Zero Current Crossing 

- I2tTrip 

- Surge Current Trip 

- Inrush Over Current 


POWER SUPPLIES 

- +5 Vdc Regulated 

- +15 Vdc Regulated 

- -15 Vdc Regulated 


SWITCH STATUS 

- Relay Status (AC Switchgear) 

- Main Switch Status 


SWITCH CONFIGURATION 

- ZE1 

- ZE2 

- SCE1 

- SCE2 

- Inhibit 

- Status Discrete 

- Inhibit Surge I 

- Bypass Trip 


ALTERA 

CHIP 

STATE 

MACHINE 

GENERATOR 


SWITCH ON/OFF 
CONTROLS 


GC/S1C * 

INFORMATION 


SIC COMMANDS 

- Clock 

- Data Enable 

- On 

- Off 

- CMD1 

- CMD2 

- CMD3 

- CMD4 

- Data 


Figure 4.2.2-1 Generic Controller Card 
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Zero 



Figure 4.1.2-2 GC Card Analog Processors 
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Figure 4.2.2-3 Generic Card Switch Status Circuitry 
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CN 

CN 

OFF 

CN 
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OFF 

OFF 

OFF 

OFF 

OFF 

OFF 
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CN 

CN 
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CN 

CN 

OFF 
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CN 

CN 
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CN 

CN 
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CN 
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CN 

OFF 

OFF 

STATUS DSC RT 

NOT USED 

NOT USED 

NOT USED 

NOT USED 

NOT USED 

NOT USED 
















NOTE: ‘ON* is GND AND 'OFF IS +5 VDC 





Figure 4.2.2-4 Generic Card Configurations 


TASK IU 


4-8 




TASK in 


Final 

Report 


MCR-90-536 


July 1990 


one does. Additionally, several of these lines are not currently being utilized and are identified as 
such. 

Configuration Line Description 


ZE1 

ZE2 

SCE1 

SCE2 

Inhibit 


Not Used 
Not Used 

Smart Contactor Enable (Not Used) 
Smart Contactor Enable (Not Used) 
When 'ON', the switch is inhibited 
Normally tied to +5, but can be 
used with 'status discrete' for 
cross-strapping purposes 


Inhibit Surge I 


When 'ON', the switch will not trip 
on a surge current trip 


Intwice When 'ON', the switch will not get 

a 'second chance' to turn back on 
when a current trip occurs 


Bypass Trip 


When 'ON', the switch will not trip 
off on any form of trip (over 
current, under voltage, over temp, 
gnd fault, etc.). Used only on an 
AC or DC RBI. 


Status Discrete Used in conjunction with Inhibit - 

used when switches are cross- 
strapped (a failure of one switch 
causes another to turn on) 

Table 4.2.2-2 - Switch Configuration Lines and Descriptions 
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The GC Card state machine utilizes 13 separate states to control the switching operation of a 
switch. This state machine resides internal to the ALTERA chip. The various states are decoded 
and switches are turned on and off via a 2764 EPROM. 

Upon any given power up or if an off command or inhibit is received, the ALTERA chip enters 
state 0 and all switches get commanded off. The remaining state machine sequencing is described 
in Figure 4.2.2-5. 

4.2.3 GC Requirements ( DC only GC) 

Following the decision to develop a +120 Vdc breadboard in January, 1989, a generic 
controller card was designed and de .oped which was required to control only DC switchgear. 
The functional requirements of the new DC-GC are identical to those of the original GC with the 
exception that the new GC is required to control only DC switchgear. 

4.2.4 GC Design (DC only GC) 

The DC-only Generic Card (Figure 4.2.4- 1) is the controller board for any type of DC 
switch (RBI, RCCB, or RPC). Each DC-GC Card is capable of controlling and monitoring one 
switch, and can communicate serial switch information to one of two possible SIC cards. The GC 
takes analog signal processor, switch status, switch configuration, and SIC command information 
through a state machine (ALTERA Programmable Logic Element) to control the switching 
operation of a switch. The GC provides the SIC card with serial data via an analog-to-digital 
converter and a parallel-to-serial converter. 

The analog processors which are present on the DC-GC can be found in Table 4.2.4- 1. The 
output of each of these processors provides inputs to the state machine and describes which, if 
any, trips have occurred on the switch. A block diagram schematic of each of the analog 
processors listed in Table 4.2.4- 1 can be found in Figure 4.2.4-2. 


TASK in 


4-10 



TASK in 


Final 

Report 


MCR-90-536 
July 1990 


it Atm • 


»TaT» W 

■NTBt TI€S STAT* ATKStUK 
ur.r an opt ootMAwm 
OTVtN. Ot V MONT OOO LOW 


mix icrnjHD 


• WiAQMTMHAr 


STATtWrrUBC 

1 


ST ATX S 


STaTX u 

WH* AN OPT COAMAFO TO 
THtASLAT. WATT AaCSC 
(ALLSWntMtt AMOm 


stahnottjhd 

1 MLArOf* 



ITATft J 

fTATHTWI TTaTTLNTTL 
ANONCCMMAfOBMlM} 

AwmirrBww 

(ALL iwnoas AM 0 *T) 


iw ONTW ULAT. WNT 

* Mtunooraa lAULcmw 

lWTPO«S AM OPT) 






statm i 


STATX » 

TLRN ON TM CUMSNT LMT 
SWTTOf OWTTOi ON A WAfT 

MtUSHOWCUKUNT 
OCXXJXED 0 1 Wk NOM) 

TWONDCMANIMTOi 

CLBAXNT LAtT TWTTCHO 
AM ON. Tit MAIN IWTTO ■ 

apt«wnoi2) 


(CUtUNrUMTSWTnx AM> 
ULAT AM mi. Of) 

I NOMUHOVDatUNT 

1 1 


f OGCLUUDfctlOftNQM) 


ITaTI 7 

njw ON TW UWH S^TTOt 
ALLfWTTOCS AMNOWON 
(MLAT.CLtADfrUMTT, AM> 
MAJKV STAY WII UNTIL AN 
OWOGMMWCiatVWOlA 


AN ITT, A SUtOl CUMINT. O* A 

>AfTTOO Cg JMP 4 W> Wff 

TwiaiaorvaMN) 


OOd*«D «1®% NOfcO 

ANTCL*Jt*NTTW» 
KTWICi B ON ^OW> OK 
UHWl VOLTAGX Ov« 

mir.o* a*> fault 


OrrVIP»IW NAM) 


Tt*N OM MAN am> ajumtr 
LtMTSWTTM WaJT*> 


TWCTnwiw mKH , 
Wa/TSMLLBSOOMK 
cuMXNTUMTrwrm am» 

ULAT AASHLLON) 


1UMONUUT WAITJB 
AUKJTON) 


4 ocniMPwjwwM 


TUOTIHI MAM rvrroi back 

aNuamTCWAUQNt 

rTArwuuNTTLANaw 

oow AWBawaonim 

ATUFOGCUU 


TTAYIWTMt 
AN ova 
at INTTL 


Figure 4. 2.2-5 GC Card State Machine 
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Under Voltage Over Temp Trip I 2 tTrip 

Over Temp Warning Surge Current Trip Ground Fault* 

Inrush Over Current 

* Present on the DC GC but not implemented on the DC RPCs 
Table 4. 2. 4-1 DC-GC Analog Signal Processors 


The DC-GC receives switch status information from the switches in the form of a switch type 
signature (lkW RPC, 3 kW RPC, or RBI) and a main (solid-state) switch status. The DC-GC 
uses pull-up resistors via the switchgear to develop the proper digital signal which feeds the state 
ine (Figure 4.2.4-3). 


ANALOG SIGNAL PROCESSORS 

- Under Voltage 

- Ground Fault 

- Over Temp Trip 

- Over Temp Warning 

- I2tTrip 

- Surge Current Trip 

- Inrush Over Current 

SWITCH STATUS 

- Switch Type (1 or 3 kW) 

- Main Switch Status 

SIC COMMANDS 


SWITCH ON/OFF 

CONTROLS 




L 

ALTERA 

CHIP 

STATE 

MACHINE 
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Figure 4.2.4-1 DC-Generic Controller Card 
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Figure 4.2.4-2 GC Card Analog Processors 
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Figure 42.4-3 Generic Card Switch Status Circuitry 
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The DC-GC Card state machine utilizes 6 separate states to control the switching operation of a 
switch. This state machine resides internal to the ALTERA chip. 

Upon any given power up or if an off command or inhibit is received, the ALTERA chip enters 
state 0 and all switches get commanded off. The remaining state machine sequencing is described 
in Figure 4. 2.4-4. 

4.3 Analog to Digital (A/D) Card 
4.3.1 A/D Requirements 

The Analog to Digital (A/D) Card is required to accept 16 voltage, current, and temperature 
sensor inputs and return proportional digitized information to the SIC card. The A/D card 
processes the analog sensor inputs and returns digitized RMS voltage, RMS current, average 
voltage, average current, frequency, average power, instantaneous power, power factor, and 
temperature data to the SIC card. The required sensor input levels to the A/D and their 8-bit 
equivalent which gets passed to the SIC can be found in Table 4.3. 1-1. 




Dieital Input Ranee 


Inputs Used 

Processors 

Analog Input Ranee 

(Base 10) 

Voltage (V) 

RMS, Ave., Freq. 

-lOVtolOV 

0 to 255 

Current (I) 

RMS, Ave. 

-lOVtolOV 

0 to 255 

V&I 

Inst. Pwr, Ave Pwr., Pwr Factor 

-lOVtolOV 

0 to 255 

Temperature 

Temperature 

2342 to 8806 Ohms 

0 to 255 

Table 4.3.1-1 

- Required AID Card Sensor 

Inputs, Processors 

and Ranges 
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Enter State 0 
at Power Up 



Figure 4.2.4-4 DC-GC Card State Machine 
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4.3.2 A/D Design 

The analog to digital card accepts voltage, current, and temperature analog inputs and 
returns eight-bit digital information to the SIC. A functional block diagram of the A/D card is 
shown in Figure 4.3.2- 1. 

Current and voltage sensor inputs are accepted and passed through MC34004 difference 
amplifiers to allow for proper signal referencing and isolation. The (16) voltage and (16) current 
sensor signals are then passed through an analog multiplexer. The proper channel is selected via 
the SIC address bus when the SIC requests data from a given sensor. Several analog processors 
reside on the output of the multiplexers including amplifier/integrators, RMS converters, and an 
analog multiplier. These chips process the appropriate analog signal which allows average, RMS, 
and power readings to be available to the A/D converter. Following these analog processors is 
another multiplexer stage which allows the SIC to select what type of reading it desires from the 
A/D card (voltage, current, temperature, average, RMS, etc.). The proper channel is selected via 
the SIC address bus as with the previous multiplexer. 

Temperature sensor inputs are accepted and fed into the inverting input of a single-ended 
MC34004 operational amplifier. Any variation in the impedance of the temperature sensor results 
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in a change in the output voltage of the operational amplifier. This amplifier inputs to the second 
stage multiplexer as described above. 

The selected output of the second multiplexer is input to an SI8601 analog-to-digital 
converter which is referenced at 5 VDC. The gain of each amplifier stage feeding the A/D 
converter is set to input 2.5 VDC at 100% sensor rating (5 V analog at the input to the A/D card). 
This allows the A/D card to have a +/- 200% sensor rating range. 
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Figure 4.3.2 -1 Analog to Digital Card 
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4.4 AC Remote Power Controller (RPQ 
4.4.1 AC RPC Requirements 

An AC Remote Power Controller (RPC) is required to provide 5A (lkW) or 15A (3kW) at 
208 Vrms, 20kHz to any resistive, capacitive, or inductive load. The switch is SPST with a main 
solid state switch, a parallel cutrent limiting switch, and a relay isolator. Commanding on and off 
of the RPC is controlled by a GC card. 

The RPC provides the GC with analog current, voltage, ground fault, and temperature 
sensor inputs. A Jitional switch telemetry data which is passed to the GC includes an auxiliary 
relay contact and a solid-state switch status indicator. 

A "Fast Trip" shutdown circuit is required to be present on the RPC power stage. If a 
400% peak current is detected by the RPC, the main solid state switch immediately shuts off 
(<luS) and the RPC .urrent limits the fault. Control of the RPC is returned to the GC card for 
further processing once the main solid state switch has turned off. 

4.4.2 AC RPC Design 

The AC RPC (Figure 4.4.2-1) is designed to be a self-protecting SPST switch controlled 
from a GC card. The main parts that comprise the RPC are the switching unit, the fast trip 
circuitry, the analog sensors, and various power supplies. 

The switching unit (developed by Leach Corp.) is comprised of a magnetically latching 
relay, a main solid state switch, and a parallel current limiting switch; all controlled from the GC 
card. The latching relay provides both power and return isolation to the load when the RPC is off. 
The relay has a +24 Vdc coil and is magnetically latching with an auxiliary contact which provides 
relay status information to the GC card. The main solid state switch is comprised of parallel 
MOSFETS and is in series with the main relay contracts. Parallel MOSFETS are required to 
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provide sufficient carrying capability and to reduce the MOSFET on resistance. This prevents 
large voltage drops from appearing across the RPC (<3 Vrms). The main solid state switch 
provides zero voltage turn on and zero current turn off switching for the RPC. 

In parallel with the main solid state switch is a solid state current limiting switch. The 
current limiting switch is comprised of parallel MOSFET switches in series with an inductor. The 
inductor provides sufficient impedance at 20 kHz to limit any inrush or fault current to 130% 
RMS. The main and current limiting solid state switches both have optically isolated gate drives 
which significantly reduce cross-talk noise. The GC card controls the main and current limiting 
switches such that they are never both on at the same time. 

The "fast trip" circuitry detects peak currents exceeding 400% using zener diode sensing 
and fast transistor control. Any peak current exceeding 400% rated (positive or negative peak) 
cause the main solid state switch to immediately turn off (<1 uS), immediately causing the RPC to 
enter the current limiting mode. Additionally, the "fast trip" circuitry returns the status of the main 
switch. This fast trip circuitry provides inherent self-protection for the RPC. 


The RPC provides the GC card processors with analog data as listed in Table 4.4.2- 1. The 
GC card, after processing the analog signals, decides when a trip condition has occurred. The 
only trip condition which occurs directly on the RPC is the fast trip. 

A number of separate power supply voltages and grounds are present on the RPC, as 
summarized in Table 4.4.2-2. The latching relay uses +24 Vdc developed on the secondary of a 
transformer at the input of the RPC to drive its coil. The secondary of the transformer is rectified 
and filtered; using a sufficiently 1 irge capacitor for energy storage in the event of a 20 kHz power 
line failure. Control of the relay is done by the GC card. The +12 Vdc current limiting switch 
housekeeping power is developed on the same transformer that the relay coil power is developed, 
using a separate ground reference. The +12 Vdc is developed via a rectifier-filter-linear regulator 
approach. 

The +12 Vdc main solid state switch housekeeping power is developed on a second transformer 
that is "downstream" from the relay. This insures that housekeeping power is developed for the 
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main solid state switch only after the relay has been closed. A rectifier- filter-linear regulator is 
used to develop the +12 Vdc. Separate +5, +15, and -15 Vdc power is delivered from the GC card 
to power the fast trip circuitry. 


Analog Signal 

RPC Signal Level 

GC Signal Level 

Ground Fault 

50 mA 


0.50 Vrms 


Under Voltage 

85 % of 208 Vrms 

9.0 Vrms 


Current 

100% Rated Current 

1.0 Vrms 


Temperature 

100 C 


-3.73 Vrms 


Temperature 

125 C 


-3.98 Vrms 


Table 4.4.2-1 

RPC Analog 

Data Given 

to the GC Card 


Voltage 

Reference 

Source 


Load 

+5 

GC GND 

GC Linear Regulator 

Fast Trip Circuitry 

+15 

GC GND 

GC Linear Regulator 

Fast Trip Circuitry 

-15 

GC GND 

GC Linear Regulator 

Fast Trip Circuitry 

+24 

GC GND 

RPC Rectifier/Filter 

Relay Coil 

+12 

Main Switch GND 

RPC Linear Regulator 

Main Switch Hkpg 

+12 

CL Switch GND 

RPC Linear Regulator 

CL Switch Hkpg 


Table 4.4.2-2 RPC Housekeeping Power Supplies and Loads 

Martin Marietta has developed a preliminary equipment specification guide for a 20 kHz AC 
RPC (Appendix IE). This unreleased document is an example of what format a formal equipment 
specification would undertake for a flight-type RPC. Included in this document are the controller 
card requirements which would reside as part of the RPC. This document was used as a guide in 
developing our 20 kHz breadboard RPCs but does not reflect our specific breadboard design. 
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4.5 AC Remote Controlled Circuit Breaker (RCCB) 

4.5.1 AC RCCB Requirements 

An AC Remote Controlled Circuit Breaker is required to provide 50A (10 kW) at 208 
Vrms, 20 kHz to up to 3 fully-loaded 3 kW RPCs. The switch is SPST and consists of a large 
relay which switches both the positive and return sides of the 20 kHz. The RCCB may be 
switched ’hot'. 

The RCCB must provide the GC with analog current sensor data and relay status 
information. Commanding on and off of the RCCB is controlled by a GC card. 

4.5.2 AC RCCB Design 

The AC RCCB (Figure 4.5.2- 1) is designed to provide 20 kHz power for up to 3 fully- 
loaded 3 kW RPCs. The main parts that comprise the RCCB are the relay, the relay interface 
electronics, and the current transformer. 

The relay is used as a single pole, double throw magnetically latching relay with 2 power 
contacts and an auxiliary contact used for relay status information. The relay is manufactured by 
Leach Corp., and has a current rating of 120 amps. 

The relay interface electronics included protection diodes across the relay coils, an inductive 
kickback prevention diode for the +15 VDC supply from the GC Card, and an energy storage 
capacitor to insure rapid turn on and turn off of the relay. 

The current transformer is designed to provide the GC Card with an analog voltage signal 
proportional to the AC RCCB current. An RCCB current exceeding 1 15% of rated (10 kW at 208 
Vrms) will result in the GC Card 'tripping off the AC RCCB. 
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4.6 AC Remote Bus Isolator (RBD 

4.6.1 ACRBTR lirements 

An AC Remote Bus Isolator is required to provide 15 kW, 208 Vrms at 20 kHz to RCCB 
switches. The switch is SPST and consists of a large relay which switches both the positive and 
return sides of the 20 kHz. The RBI can only be switched when the 20 kHz power is off. 

The RBI must provide the GC card with relay status information only. Commanding the 
RBI on and off is controlled by a GC card. 

4.6.2 AC RBI Design 

The AC RBI (Figure 4.12.2-1) is designed to provide 20 kHz power to an AC RCCB. 
The main parts that comprise the RBI are the relay and the relay interface electronics. 

The relay is used as a single pole, double throw magnetically latching relay with 2 power 
contacts and an auxiliary contact used for relay status information. The relay is manufactured by 
Leach Corp., and has a current rating of 120 amps. 
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The relay interface electronics included protection diodes across the relay coils, an inductive 
kickback prevention diode for the +15 VDC supply from the GC Card, and an energy storage 
capacitor to insure rapid turn on and turn off of the relay. 


4.7 AC Voltage Sensor 

4.7.1 AC Voltage Sensor Requirements 

An AC voltage sensor is required to provide a differential isolated voltage input to one of 
16 voltage channels present on an A/D card. The secondary voltage is required to be 5.00 +/- 0.25 
Vrms for a prim input of 208 Vrms, 20 kHz. 

4.7.2 AC Voltage Sensor Design 

The AC voltage sensor (Fixate 4.7.2-1) is comprised of a primary DC blocking capacitor, 
a step-down transformer, and appropriate burden resistors to provi— 5 Vrms out for 208 Vrms in. 

A 0.01 uF, 600V capacitor is in series with the transformer primary winding to prevent any 
DC bias from appearing across the winding. A net resulting volt-second imbalance from the dc 
bias across the transformer could result in the transformer saturating, resulting in the failure of the 
sensor. 


The transformer used in the sensor is a Corona Magnetics 1383B. The primary winding 
has 650 turns and the secondary winding has 46 turns. 

Appropriate secondary voltage divider resistors are chosen such that the output voltage is 5 
Vrms for an input of 208 Vrms. 
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Figure 4. 7.2-1 AC Voltage Sensor 


4.8 AC Current Sensors 

4.8.1 AC Current Sensor Requirements 

An AC Current Sensor i> required to provide a differential voltage input to one of 16 
current sensor channels present on an A/D card. The output voltage of the current sensor for 
various current sensor values is listed in Table 4.8. 1-1. 



Current Sensor Value Input 


20 kHz 

50 mA Ground Fault 

5.00 +/- 0.25 Vrms 

20 kHz 

15A 

5.00 +/- 0.25 Vrms 

20 kHz 

50A 

5.00 +/- 0.25 Vrms 

20 kHz 

100 A 

5.00 +/- 0.25 Vrms 

20 kHz 

125A 

5.00 +/- 0.25 Vrms 


Table 4.8. 1-1 - AC Current Sensor Requirements 
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4.8.2 AC Current Sensor Design 

The 15, 50, 100, and 125 AC Current sensors (Figure 4.8.2-1) are comprised of a 1:200 
turn transformer with appropriate burden resistors to provide a 5 Vrms output at rated current. 


O ^ - 

Rated Current 


O 


2 


200 

Turns 


Rburden Vrms 


Figure 4.8.2-1 AC Current Sensor 


The 50 mA differential AC Current sensor (Figure 4.8.2-2) is comprised of a 15 turn 
source and return primary winding and a 200 turn secondary winding. The sensor is designed to 
handle up to 10 kW at 208 Vrms, 20 kHz and to output 5 Vrms at 50 mA differential current 
between the source and return windings. 


Source o- 
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Figure 4.8.2-2 50 mA Current Sensor 
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4.9 Temperature Sensors 

4.9.1 Temperature Sensor Requirements 

A temperature sensor is required to provide a variable resistance input to one of the 16 
temperature channel inputs on an A/D card. The output resistance of the temperature sensor for 
minimum and maximum temperatures is listed in Table 4.9. 1-1. 

Temperature ('Celsius! Temp. Sensor Resistance (Ohms') 

-30 8806 +/- 500 

+85 2342 +/- 500 

Table 4.9.1 -1 - Temperature Sensor Requirements 


4.9.2 Temperature Sensor Design 

The temperature sensors selected for use in the ACM/PMAD breadboard are LTN-11C 
(Linear Thermistor Network) sensors. The impedance of the output of the sensors is inversely 
temperature dependent. The sensors satisfy the requirements as listed in Table 4.9. 1-1. 
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4.10 DC Remote Power Cont roller (RPC) 

4.10.1 DC RPC Requirements 

The DC Remote Power Controller is a single-pole, single-throw switch required to provide 
8 33A (1 kW) or 25.0 A (3 kW) at 120 VDC to any resistive, capacitive, or inductive load. The 
switch is required to operate either above or below a load with the switching occurring via a solid 
state switch. Commanding on and off of the RPC is controlled by a GC Card. 

The RPC provides the GC with analog current and temperature sensor data. Additional 
data which is passed to the GC includes a switch status indicator and an under voltage trip bit. 

A current limiter control circuit is present on the DC RPC. The current limiter limits the 
current during a fault condition to 400% RMS during the first one microsecond of an event. The 
RPC will go into a current limit operation within one microsecond and limit the current to 175% 
RMS for a time constant which is dependent upon the voltage across the switch at the time. A dead 
short will result in the RPC turning off in approximately 15 mS. 


4.10.2 DC RPC Design 

The DC RPC (Figure 4.10.2-1) is designed to be a self-protecting, SPST switch controlled 
from a GC card. The main parts that comprise the RPC are the switch power electronics and the 

switch control circuitry. 

The power handling components of the DC RPC include the current measuring shunt, the 
current limiting inductor, the MOSFET switches, and the current sense resistors. 

Current enters the RPC via the shunt which provides analog current information to an 
isolation amplifier and subsequently to the GC card. This input is the input to the I 2 t processor 
which resides on the GC card. A 1 |lH inductor is in series with the main power path to limit di/dt 
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Figure 4.10.2-1 DC Remote Power Controller (RPC) 


during a surge event prior to the current limiting control loop responding. Six MOSFET stages for 
the 1 kW DC RPC and 18 MOSFET stages for the 3 kW DC RPC are paralleled to handle the 
power and reduce the voltage drop across the switch. The sense resistors provide feedback to the 
switch control circuitry which provides overload protection to the RPC. 

The switch control circuitry takes the GC card ON/OFF command line, the MOSFET 
current, and the MOSFET voltage and decides how to operate the switch. Any time an OFF 
command is issued from the GC card, the RPC is off. The only time the switch can be on is if the 
GC card has issued an ON command. 

During non-overload conditions, the MOSFETS are saturated if an ON command has been 
issued. Any current fault which exceeds 175% rated value will cause the RPC to go into a current- 
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source mode of operation (the MOSFETs run linear). The voltage across the switch is sensed and 
integrated and compared to a reference signal. If a dead short exists on the output of the RPC for > 
15 mS, the RPC will latch off. If the short is removed prior to 15 mS (in the case of charging a 
capacitor bank), the switch will turn back on and the MOSFETs will re-saturate. 

Additionally, the DC RPC provides an under voltage signal to the GC card which allows it 
to trip off the RPC if the line voltage falls below 60 VDC. The RPC is capable of operating either 
in the positive or negative leg of the load. The DC RPC as presently implemented in the MSFC 
breadboard does not contain ground fault detectors due to the nature of the grounding configuranon 
which was implemented in the system. The RPCs would need to be designed to wwitch both the 
positive and the return sides of the power in order to incorporate ground fault detection. 

4.11 nr Remote Controlled Circuit Breaker (RCCBj 

4.11.1 nc RCCB Requirements 

A DC Remote Controlled Circuit Breaker is required to provide 83.3 A (10 kW) at 120 
VDC to up to 3 fully-loaded 3 kW DC RPCs. The switch is SPST and consists of several parallel 
power MOSFETS which switch the positive side of the +120 Vdc. The RCCB may be switched 

"hot". 


The RCCB is required to trip off on any current exceeding 300% for 150 mS. The RCCB 
will also trip off on any cutrent exceeding 110% for 5 seconds. The RCCB returns switch status 
information to the GC card, as well as an analog current level signal. 

The DC RCCB is required to dissipate <1% of power rating at full load, and have a voltage 
drop of <1.5 VDC. The DC RCCB is controlled and commanded on and off from a GC card. 

4.11.2 DC RCCB Design 

The DC RCCB (Figure 4.11.2-1) is a single-pole, single-throw solid-state switch 
comprised of a power stage unit developed by Teledyne Electronics and an interface electronics 
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unit. A copy of the Product Control Drawing (PCD) for the Teledyne power stage unit can be 
found in Appendix IV (Note: This unit is called an RPC in Appendix IV and is not to be confused 
with the Martin Marietta RPC). 


+150 

Vdc 


AMPLIFIER 


Analog Current Signal 
and RTN to GC Card 


■VN/V ' 1 

Shunt 


X 


± 


Switch 

Control/ 

Trip/ 

Telemetry 

Circuitry 


+150 Vdc to Load 


Switch ON/ 
Switch Off 


(From GC Card) 


Under Voltage Disable 
-► (To GC Card Circuitry) 


Switch Status 
(To GC Card) 


+150 Vdc RTN to Load 


Figure 4.11.2-1 DC Remote Controlled Circuit Breaker (RCCB) 

The power stage is comprised of a number of MOSFET switches in parallel capable of 
switching 120 VDC, 83. 3A. The power stage has a built-in over current curve and is capable of 
tripping off during over current conditions. Additionally, the power stage has an under voltage 
lockout circuit which will turn the switch off if the line voltage falls below approximately 60 VDC. 
The RCCB needs to be commanded off and then on in order to reset the switch. 

The interface electronics provide necessary switch status information and current telemetry 
information to the GC card. The current level feedback is from a 200 A shunt and amplifier. If the 
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current exceeds 1 10% of nominal, the GC card will issue an off command to the RCCB via an I2t 
trip condition. 

4.12 nr Remote Bus Isolator (RBI) 

4.12.1 DC RBI Requirements 

A DC Remote Bus Isolator is required to provide 15 kW, 120 VDC to RCCB switches. 
The switch is SPST and consists of a large relay which switches both the positive and return sides 
of the DC power. The RBI n only be switched when the DC power is off. 

The RBI provides the GC card with relay status information only. Commanding the RBI 
on and off is controlled by a GC card. 

4.12.2 DC RBI Design 

The DC RBI (Figure 4.12.2-1) is designed to provide DC power to a DC RCCB. The 
main parts that comprise the RBI are the relay and the relay interface electronics. 

The relay is used as a single pole, double throw magnetically latching relay with 2 power 
contacts and an auxiliary contact used for relay status information. The relay is manufactured by 
Leach Corp., and has a current rating of 120 amps. The RBI cannot be switched hot. 

The relay interface electronics included protection diodes across the relay coils, an inductive 
kickback prevention diode for the +15 VDC supply from the GC Card, and an energy storage 
capacitor to insure rapid turn on and turn off of the relay. 


4.13 DC Voltage Sensor 
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4.13.1 DC Voltage Sensor Requi •ements 


A DC voltage sensor is required to provide a differential isolated voltage input to one of 16 
voltage channels present on an A/D card. The secondary voltage is required to be 5.00 +/- 0.25 
Vrms for a primary input of 120 VDC. 


Power In 
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Figure 4.12.2-1 AC/DC Remote Bus Isolator (RBI) 


4.13.2 DC Voltage Sensor Design 


The DC voltage sensor (Figure 4.13.2-1) is comprised of a resistor-divider network which 
inputs to an AD 289J isolation amplifier. The resistor-divider provides a sufficient attenuation of 
the 120 VDC allowing for an analog signal to be input to the isolation amplifier. A zero-offset and 
an adjustable gain potentiometer are present which allows the output of the isolation amplifier to be 


set at 0 VDC for 0 VDC input and at 5 VDC for 120 VDC input 
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Figure 4J3J-1 DC Voltage Sensor 
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4.14 DC Current Sensors 

4.14.1 DC Current Sensor Requirements 

A DC Current Sensor is required to provide a differential voltage input to one of 16 current 
sensor channels present on an A/D card. The output voltage of the current sensor for various 
current sensor values is listed in Table 4.14.1-1. 

Frequency Current Sensor Value Input Reqd Outpu t Voltage Level 

DC 15A 5.00 +/- 0.25 VDC 

DC 50A 5.00 +/- 0.25 VDC 

DC 100 A 5.00 +/- 0.25 VDC 

Table 4.14.1-1 DC Current Sensor Requirements 


4.14.2 DC Current Sensor Design 


The DC current sensor (Figure 4.14.2-1) is comprised of a current shunt which inputs an 
analog signal to an AD 289J isolation amplifier. A zero-offset and an adjustable gain potentiometer 
are present which allows the output of the isolation amplifier to be set at 0 VDC for 0 amps input 
and at 5 VDC for rated current input. An external 15 VDC supply is required to power the 
isolation amplifier. 
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Figure 4.14.2-1 DC Current Sensor 
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4.15 Card Cage 

A card cage is required to provide slot mounting and interface connectors for SIC, A/D, 
and GC cards. Each card cage is required to contain (2) sets of the hardware listed in Table 4. 15- 
1. A detailed design drawing and description of the card cage can be found in Figure 4.15-1. 

(2) SICs with LLP Cabling Interface 

(1) A/D Card with Voltage, Current, and Temperature Sensor Connector Interfaces 
(9) GC Circuits with Switch Connector Interfaces 

Table 4.15-1 Card Cage Hardware Requirements 


4.16 Test Tool 

A test tool is required to provide easy access debugging capabilities for SIC, A/D, and GC 
cards. The test tool can simulate an RBI, RCCB, or RPC switch and corresponding switch status, 
fault, and command information. External control of the test tool can be accomplished using an 
LLP and manual mode software. 
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5.0 TASK IV 

Common Module Power Management and Distribution Breadboard Testing 

5.1 Switchgear Interface Controller (SIC) 

The SIC cards have been integrated into the SSM/PMAD breadboard and have been tested 
with both the 20 kHz and the DC systems. The original design was modified to include optically 
isolated transmit and receive lines between the LLP and SIC to prevent the propagation of noise 
between the SIC and its LLP. One failure did occur during May of 1990 on a number of SIC cards 
when +120 VDC was inadvertently placed on the SIC card return (card cage signal return). The 
failure which occurred on the SIC cards would have been prevented if the opto-isolator boards 
would have been installed in the Lowest-Level Processors. This event resulted in the failure of a 
number of chips on the SIC including the line driver/receiver chip and a number of the RAM chips. 
The opto-isolator boards have since been installed in all of the LLPs to prevent the repeat of such 
an event. The LLP to SIC interface document (Appendix II) was completely tested with no 
discrepancies found in the design or operation of the SIC. Each SIC card has been tested with an 
LLP, 9 GC cards, and an A/D card attached. 

5.2 Generic Controller (GO Card 

5.2-1 Generic Controller (GO Card (Original') 

The original GC cards have successfully been integrated into both the 20 kHz and DC 
MSFC breadboards with no known major problems to date. All noise-related design problems 
were diagnosed and fixed during development testing of the 20 kHz system in Denver and at 
MSFC. These problems included receiving an inadvertent under voltage trip during a faulted event 
and an inadvertent over current trip during a turn on. The inadvertent under voltage trip problem 
was fixed by adding additional capacitance to the input of the under voltage trip processor on the 
GC card. The inadvertent over current trip was remedied by adding a small filter capacitor to the 
output of the over current trip analog comparator. Both of these problems were due to the high 
impedance characteristics of the 20 kHz source and cabling. 
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One system level operation problem occulted during a software buy-off at MSFC when the 
+10 VDC unregulated housekeeping supply feeding the system was over loaded. This over 
loading of the housekeeping supply caused the supply to go into a current supply mode of 
operation. The housekeeping voltage dropped substantially causing the linear regulators on the GC 
card to drop out of regulation. Once the GC housekeeping voltage dropped out, the ALTERA chip 
no longer functioned correctly. This caused a series of switches to turn on and off seemingly at 
random. This problem was fixed by inserting a +10 VDC supply into the system that had more 

current capability than the original supply. 

5.2-1 Generis Controller (GO Card (DC-Only Design! 

The DC-only GC cards have successfully been integrated into the DC MSFC breadboard 
with no known problems to date. This new design alleviates much of the complexity which 
resides within the original GC card design. 


5.3 Analog to Digital (A/D) Card 

The A/D cards integrated into the MSFC breadboard with no known problems. All sensor 
readings have been accurate and consistent when the sensors are properly installed. One issue that 
has been brought to attention has been the lack of resolution which the sensor readings experience 
due to the fact that the A/D card has only 8 data bits (it returns 7 bits of data). When a sensor is 
reading low on its scale (say, 2 amps on a 50 amp sensor), the precision error due to the 7 bit 
conversion can cause a substantial inaccuracy in reading the actual value. The solution to this 
problem would be to use a higher-resolution A/D board in the system (say, 12 bits). 

5.4 AC Remote P owgr Controller RPC 

The AC remote power controllers were successfully integrated in the 20 kHz MSFC 
breadboard. One major problem which occurred during integration was an inadvertent Solid State 
ON/ Mechanical Off condition on the RPC. This condition was caused by EMI noise being 
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injected into the fast trip over load protection circuitry on the RPCs during a transient event in the 
system. This problem was corrected by inserting filter capacitors and resistors in strategic 
locations in the fast trip circuitry. Additionally, EMI chokes and RC snubbers were added in 
strategic locations on the 20 kHz power lines to minimize EMI generation. 

Figure 5.4-1 shows a fast trip (dead short) event on the AC RPC. This feature of the RPC 
was tested many times during hardware integration at MSFC. 

5.5 AC Remote Controlled Circuit Breaker (RCCB) 

The AC remote controlled circuit breakers have been successfully integrated into the MSFC 
breadboard. The maximum 20 kHz power which has been routed through the RCCBs has been 5 
kW to date due to source limitations. 



Figure 5.4-1 AC RPC Fast Trip Event 
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5.6 AC Remote Bus Isolator (RBD 

The AC remote bus isolators have been successfully integrated into the MSFC breadboard. 
The maximum 20 kHz power which has been routed through the RBIs has been 5 kW to date due 

to source limitations. 

5.7 AC Voltage Sensor s 

The AC voltage Sensors have been successfully integrated into the MSFC breadboard. 
Careful consideration was taken in routing wires from the output of the sensor to the input of the 
A/D card. Twisted pair wires were run between the sensor output and the A/D input which 
minimized noise pickup and generation. 

5.8 AC Current Sensors 

The AC Current Sensors have been successfully integrated into the MSFC breadboard. 
Careful consideration was taken in routing wires from the output of the sensor to the input of the 
A/D card. Twisted pair wires were run between the sensor output and the A/D input which 
minimized noise pickup and generation. 

5.9 Temperature Sensors 

Temperature sensors have not been integrated into the MSFC breadboard to date. The 
temperature channels on the A/D card have been thoroughly tested with temperature sensor 
simulator resistors to fully verify this feature. At a future date, temperature sensors can be easily 
installed into the MSFC breadboard. Proper mounting techniques and twisted pair wires should be 
used in their installation. 
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5.10 DC Remote Power Controller (RPC) 

The DC remote power controllers have successfully been integrated into the DC MSFC 
breadboard. One minor mechanical problem occurred during the integration of the boards with the 
system. Two DC RPC boards experienced mechanical failure of UES 706 stud-mounted diodes 
during mechanical installation of the boards into the system. These broken diodes caused input to 
output shorting of the RPCs. The UES 706 diodes were replaced on these RPCs which eliminated 
the problem. The DC RPCs as existing in the present breadboard configuration do not provide 
ground fault protection because the RPC was designed to only switch the "hot side” current. If 
ground fault protection were to be implemented, it would be necessary to design the system so the 
RPC switched both the hot and the return sides of the power. 

Figure 5.4-1 shows a fast trip (dead short) event on the DC RPC. This feature of the RPC 
has been tested many times during hardware integration at MSFC. 

5.1 1 DC Remote Controlled Circuit Breaker fRCCB) 

Design, development, and acceptance testing of the DC RCCBs has occurred at MMAG in 
Denver. Cooling fans need to be installed for the DC RCCBs when running above 5 kW power. 
The current over load trip on the DC RCCB is approximately 102% of nominal - slighdy below the 
115% level specified in the Task III discussion of the RCCB. This discrepancy is do to the fact 
that the input voltage specification was changed from 150 VDC to 120 VDC midway during 
development of the units. The particular current trip circuitry present on the Teledyne unit is 
difficult and impractical to change. Integration of the DC RCCBs has not occurred at MSFC due to 
a bus configuration change. 

5.12 DC Remote Bus Isolator (RBD 

The DC remote bus isolators have been successfully integrated into the MSFC breadboard. 
No known problems have existed to date with the DC RBIs. 
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Figure 5.10-1 DC RPC Fast Trip 


5.13 DC Voltage Sensors 


The DC voltage Sensors have been successfully integrated into the DC MSFC breadboard. 
Careful consideration was taken in routing wires from the output of the sensor to the input of the 
A/D card. Twisted pair wires were run between the sensor output and the A/D input which 
minimized noise pickup and generation. A +15 VDC external power supply is required for the 
AD289J isolation amplifier housekeeping. Careful consideration was made as to how the wires 
were routed from the power supply to the sensor and from the output of the sensor to the input of 
the A/D card. Twisted pair wires were run between these points which minimized noise pickup 

and generation. 

5.14 DC Current Sensors 

The DC Current Sensors have been successfully integrated into the DC MSFC breadboard. 
Careful consideration was taken in routing wires from the output of the sensor to the input of the 
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A/D card. Twisted pair wires were run between the sensor output and the A/D input which 
minimized noise pickup and generation. A +15 VDC external power supply is required for the 
AD289J isolation amplifier housekeeping. Careful consideration was made as to how the wires 
were routed from the power supply to the sensor and from the output of the sensor to the input of 
the A/D card. Twisted pair wires were run between these points which minimized noise pickup 
and generation. 


5.15 Card Cag e 

The card cages have been integrated into the MSFC breadboard with no known problems to 
date. It is very important that the unregulated +10, +20, and -20 VDC supplies that provide 
housekeeping power to the cards in the card cage have sufficient current output capability to drive 
the system. The problem that occurred during software buy-off was the result of the +10 VDC 
housekeeping supply being over loaded. 

5.16 Load Converter 

The task of designing and developing a DC - 400 Hz load converter was cancelled and the 
efforts re-directed. This task included designing, fabricating, and testing of a DC to AC inverter 
box. The criteria listed in Table 5.16-1 were the established functional/performance goals. 

Three separate load converter designs were anaylzed as possible topologies for the MSFC 
breadboard unit. A list of these topologies and a brief discussion of each is included in Table 5. 16- 
2. The switch-mode power amplifier PWM converter was the selected topology. A down-scaled 
version of this converter was breadboarded and a test report prepared which is located in Appendix 
V of this final report. 
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Table 5.16-1 Load Converter Design Goals 
Inverter Output 

Voltage - MIL-STD-704D Three-Phase 400 Hz 120V rms Line to Neutral. 
Current - 4.0 Amperes rms maximum per phase. 

Power Factor - 0.9 leading to 0.7 lagging. 

Power - 175W nominal to 480W maximum per phase. 

Inverter Input 

Voltage - 90.0 VDC minimum to 150 VDC maximum. 

Current - Not to exceed 15.0 ADC steady state. 

EMI - Per MIL-STD-461C Notice 3 

General 

Ground Currents - Less than 5.0 mA rms in ground interconnect wire 
shorting all output grounds to input return. 


Table 5.16-2 Load Converter Technologies 

ResonmLLjnk Cvr.ln Converter: This topology utilizes series resonant inverter technology mixed 
with pulse density modulation. High frequency SRI power is pulse density modulated to create 
low frequency regulated power. 

Tri-Phase MAPHAM Converter: This topology utilizes a previously developed MMC SRI 
technology known as the MAPHAM Converter. This application as a DC - 400 Hz three-phase 
load converter requires some redesign since the original MAPHAM which was built and tested was 
a single phase 20 kHz converter. 

Switched-Mndf. Power Amplifier: This approach employs DC to DC converter principles such as 
pulse width modulation using a sinusoidal instead of a DC reference. 
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APPENDIX I 

Switchgear Technology Assessment 
1. Introduction 

The objective of this task is to identify pieces of equipment which require development 
efforts to support the Space Station phase C/D effort. The approach to this task is shown in Figure 
1. 1-1. Equipment lists were deve .oped from the previously selected network schematics to define 
the basic functional requirement ) for network equipment. In addition, other requirements which 
affect the suitability of specific items for use on the Space Station program have also been 
identified. Although program ancillary requirements such as outgassing do not affect the state of 
the art in switchgear technology, they can provide the basis for rejecting an otherwise acceptable 
item, and are therefore included in this assessment. 

An industry survey was performed to identify existing sources for components such as 
switchgear, sensors, fuses, and transient suppressors. In addition, a survey of recent research and 
development in the area was performed to identify near term sources of equipment. The data 
obtained in these surveys is documented in an equipment database. 

Upon the completion of trie surveys and requirement definition, the equipment database 
was correlated with the equipment lists to determine the existence of ready equipment, not needed 
equipment, and equipment requiring development. The data was then screened with respect to the 
ancillary requirements, and then fi ’ally categorized for technology readiness. 

2.0 Technology Levels 

The technology levels defined for the purposes of this study are ready, near ready I, near 
ready II, and not ready. Technology ready is defined as a part which may be ordered and flown 
with no modification. Near ready type I is defined as an existing part which could be flown with 
only minor modifications. An example of this is a relay which was designed for use in aircraft 
which is functionally suitable for use, but does not meet program materials requirements for 


APPENDIX I 


1-1 





Final 

Report 


MCR-90-536 
Juiy 1990 


APPENDIX I 



Figure 1.1-1 Switchgear Technology Assessment 

vacuum stability. Near ready type D is defined as a part requiring significant development effort to 
meet the functional and ancillary design requirements for space station use, but which can be 
developed within the constraints of the space station advanced development activity. Technology 
not ready equipment is defined as requiring development beyond the constraints of the space 
station advanced development activity. Equipment not required is defined as an item which is not 
desirable in the system due to incompatibility with the design approach taken. 

3.0 Definition of Terms 

This technology addresses all equipment required to implement the network topologies 
selected for development. We have found in our industry survey that nomenclatures are 
inconsistent relative to the functions and characteristics of given devices. To avoid confusion in 
this document we will define specific nomenclatures for specific characteristics. A Remote Power 
Controller (RPC) is a solid state switch / circuit breaker which limits current during overload 
conditions prior to tripping. A solid state breaker (SSB) is an equivalent device except that no 
current limiting is provided, and trip times are typically shorter. A remote control circuit breaker 
(RCCB) is an electro-mechanical device with remote control on / off /reset capability. A remote 
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bus isolator is a device used for re-configuring the distribution network, which has no current 
interrupt capability. 

4.0 Design Approach 

The equipment selected to implement a given network topology is driven by several 
considerations. The first consideration in the selection of switchgear and circuit protection devices 
is source impedance. Available fault current is driven largely by source impedance. Power 
sources which store a great deal of energy such as generators driven by solar dynamic collection 
systems and batteries are capable of delivering fault currents an order of magnitude greater than 
rated capacity. Conversely, inverters with current limited outputs will deliver currents on the order 
of two to three times rated output Circuit protection devices much be sized to interrupt the worst 
case fault current which is strongly influenced by source impedance. The approach taken in 
developing RCCBs to provide this interrupt capability is to either significantly upgrade the device 
contacts, or to provide an additional pair to assist in the interrupt. In extreme cases where the 
breaker contacts would be prohibitively large, fuses are added in series with the breaker to provide 
the interrupt capability needed for a worst-case fault. An alternative approach is to provide current 
limiting capability with an RPC. This can be implemented using one of two methods - either an 
inductor can be switched into the circuit, or the RPC can provide foldback capability. Series 
inductance is an attractive approach for AC RPCs because it results in significantly less part stress 
on the switch than does foldback. Power dissipation during fault interrupts is reduced and thermal 
design of the device is greatly simplified using this approach. In DC systems, foldback is more 
attractive because the size of the inductor is a linear function of the time that the current must 
remain below a given level prior 1 3 the RPC trip. 

Level in the distribution network is also a consideration in the selection of switchgear. At 
the load level of the distribution retwork, current limiting is highly desirable because the available 
fault current is higher than the current at which the wiring will fuse. Inrush limiting and motor soft 
start capability are needed. Current limiting also prevents a faulted load from affecting other loads 
connected to the bus. Secondary distribution switchgear may be either an RPC or an RCCB. The 
advantages of RCCBs are lower voltage drop and decreased thermal dissipation. RPCs save 
copper weight by limiting fault current, and will prevent a faulted rack from affecting other racks. 
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A consideration in providing current limiting at the secondary and primary distribution levels is the 
possibility of causing brown out conditions at the lower levels during overloads and fault 
conditions. This is because the impedance added to limit over currents also softens the source. As 
the RPC goes into the current limit mode, the output voltage will fall considerably. This continues 
for the entire trip time of the RPC which is in the tens of milliseconds region. Conversely, a 
breaker and fuse would provide the available fault current for a short period and then open, thereby 
eliminating the long term bus under voltage. 


Coordination of protection is also a consideration in the selection of a switchgear type. The 
term coordination refers to a system where a given branch in the distribution network is protected 
by the device immediately above it. Devices higher in the network must be sized for larger currents 
than the devices down stream. This concept also limits the use of current limiting devices in the 
higher levels of a distribution network. An RPC in the primary distribution level of a network with 
RCCBs located in the secondary level could result in a fault condition on the secondary where the 
current limited primary would not deliver enough current to open the breaker prior to the RPC trip. 
In networks where two levels are current limited, the higher level current limit must be high 
enough that a fault on the lower level does not drive the upper level into the current limit mode. 


The selected approach to the common module power management and distribution system 
is to provide current limiting RPCs at the load center level, RCCBs at the secondary distribution 
assembly, and RCCBs at the primary distribution assembly base on the previously discussed 
considerations. RPCs will also be carried as an option at the secondary distribution assembly for 
the final technology assessment. Ground fault protection will be provided on power leads to 
which the crew has access. Instrumentation required to implement the autonomy approach selected 
in the ACM/PMAD contract is also included. 

5.0 Equipment List 

The equipment lists in Table 1.5-1 describes the hardware required to implement the 
selected network topologies. 
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Table 1.5-1 Network Topology Hardware 



APPENDIX I 


1-5 



MCR-90-536 


APPENDIX I 


Final 

Report 


July 1990 


Table 1.5-1 Network Topology Hardware ( Concl ) 


POWER DISTRIBUTION EQUIPMENT UST(CONT) 

LnCflMON I MfftSURf ?NT COUIPMENT LISTING f SWITCH GCRR 


AC: (400 Hz) THREE PHASE RPC I RBI 

- 1 — I M0MTDRRAN3E I {RCC8 ° P<) 


NOR 
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150Vdc 
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• Switch Gear may provide Current Monitors 
NOTE: Current monitors are capable of ovenanging 
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6.0 Industry Survey 

The results of the industry survey are documented in the electrical system component data 
base. Sources of RPCs, RCCBs, RBIs, SCCBs, current sensors, voltage sensors, temperature 
sensors, fuses, and transient suppressors have been identified. In addition to industry sources, 
research and development by government has been included. There sources are listed in Table 1.6- 
1 . 


Source 

Westinghouse 

Leach 

Eaton (Cutler Hammer) 
LeRC 

Hartman Relay 
Teledyne 
Bussman 
Honeywell 

General Semiconductor 

RCA 

AET 

OSI 

Tracor 


Component(s) 

RPC, RBI, SCCB 
RPC, RBI, RCCB 
RCCB, RBI 
RPC, RBI 
RBI, RCCB 
RPC, SSCB 
Fuses 
Sensors 

Transient Suppressors 

Transient Suppressors 

Sensors 

Sensors 

Fuses 


Table 1.6-1 Industry Survey Component Data Base 

The database has the capability to sort records by device type, functional characteristics, 
manufacturer, and part number. Output from the database will be included in the final technology 
assessment. 
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7.0 Design Requirements 


The space station ancillary design requirements which affect the suitability of components 
for program use are listed below in Table 1.7-1. 


Document Number 
NHB 1700.7A 

NHB 8060. IB 


NASA TM 86498 

JSC 16888 
MSFC STD 506B 
SP-R-0022A 

MSFC-SPEC-250 

MSFC-HDBK-527D 


Title 

Safety Policy and Requirements for 
STS Payloads 

Flammability, Odor, and Offgassing 
Requirements and Test Procedures for 
Materials in Environments that 
Support Combustion. 

Natural Environment Design Criteria 
for the Space Station 

STS Microbial Contamination Control Plan 

Standard Materials Process Control 

General Specification, Vacuum 
Stability of Polymeric Materials for 
Spacecraft Application 

Material Corrosion 

Materials Selected List for Space 
Hardware Systems 


Table 1.7-1 Space Station Ancillary Design Requirements 


APPENDIX I 


1-8 



APPENDIX I 


Final 

Report 


MCR-90-536 


July 1990 


8.0 Technology Assessment 

8.1 Remote Power Controllers 

We have identified several possible sources of flight type RPCs. Leach has developed a 
single phase 115 V, 400 Hz device which utilizes a series inductance to limit current during power 
up and faults. A three phase unit is also under development and scheduled to be complete later this 
year. The Leach RPC uses MOSFETS to implement the power switch. MOSFETs are the most 
preferred devices for use in RPC s because they are easily paralleled to reduce voltage drop and 
flight qualified parts are available. 

Teledyne also has the capability to produce flight type RPCs. The Teledyne approach to 
developing RPCs is to adapt existing hybrid switching and control circuits to implement desired 
functions. The Teledyne RPC utilizes a foldback technique to limit current. A 115 V, 400 Hz unit 
is available and in use on the F-16. 

Westinghouse has built a flight-qualified single-phase 1 15 V, 400 Hz, 1.5 Amp unit for use on the 
original B-l program. When the program was cancelled, the RPC had already completed 
qualification testing. The Westinghouse RPC utilizes MOSFETs for the power switch, and 
foldback current limiting. Although the RPC is not available as part of the Westinghouse standard 
product line, the capability to proc.uce a flight unit exists. 

In general, the state of the art in RPCs is in the near ready category. Qualified aircraft type 
units exist and could be modified for use in the space station. Leach is actively involved in 
developing space type RPCs, and their approach does have several advantages. The practical limit 
in the size of an RPC that can be built is the number of devices which can be successfully 
paralleled on a hybrid. The number of devices required to implement a given size RPC is a 
function of the allowable on-state power dissipation, and part stress during current limiting. The 
Leach approach minimizes part stress during fault interrupt, and may allow a larger device to be 
built. The existing unit is rated at ten amps. This technology is easily extended to three phases. 
We believe that a practical limit in RPC design in twenty amps. This would yield a three-phase 
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unit rated at approximately seven KVA. An appropriately de-rated unit would than be in the 3 - 5 
KVA range. 

8.2 Remote Control Circuit Breakers 

Three sources of RCCBs -xist today. Cutler Hammer Builds aircraft-type units which will 
interrput up to 1000% of the rated current of the device. This is achieved by employing two pairs 
of contacts; a pair made of tungsten to tolerated arcing, and a pair made from precious metal to 
carry the current when the contacts are closed. 

Leach also builds RCCBs. However, the high current interrupt capability is not provided 
on their existing units. This could be changed by using a larger contactor with a weight and 
volume penalty. 

Hartman Relay will provide a custom hybrid to convert their standard contactor to a RCCB. 
This is not part of their normal product line, and the contactor must be sized for the worst-case 
interrupt. 

The typical approach to building RCCBs is to build a control hybrid to open a power 
contactor when an over current is detected. Two issues associated with the use of RCCBs in 
power distribution networks are interrupt capability with stiff sources and actuation times when a 
hard short is encountered. An analysis will be performed as a part of the final assessment to 
resolve the issue of interrupt capaoility. This may not be a problem if the space station primary bus 
is driven by an inverter with a current limited output. The impact of actuation time is degraded 
power quality, and we will assess whether the results are acceptable. The general state of the art in 
RCCBs is in the near ready I category. Functionally acceptable units exist for aircraft which could 
be modified for space station use with minimal effort. 

8.3 Solid State Circuit Breakers 

Teledyne and We stinghouse have the capability to build SSCBs. The typical AC 
SSCB uses SCRs as the power switch , although DC units may use BJTs, MOSFETs, or GTOs. 
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We have categorized the SSCB as not needed because they perform the same functions as RCCBs 
except that the voltage drop is higher and the current is switched at zero in the AC units. Given 
that a short circuit has occurred, the zero cross switch is of limited benefit, because an abnormal 
condition has already been induced. 

8.4 Remote Bus Isolator 

A number of sources for RBIs have been identified. Since RBIs are not required to 
interrupt current, the development required to produce them is greatly reduced. Power contactors 
can be used to implement the function. We have developed a standard switchgear interface 
concept. RBIs are near-ready I because development is needed to implement the new interface. 
One issue associated with RBIs is arcing in high voltage DC applications. Hartman Relay has 
developed a technique for quenching arcs magnetically. We believe that their approach is adequate 
because we have tested one of their 270 VDC, 50 amp units and it passed life cycle testing. In 
addition, the U.S. Navy is actively involved in the development of high voltage DC switchgear for 
use in advanced aircraft designs. 

8.5 Transient Suppressors 

We have identified two sources of qualified transient suppressors. General Semiconductor 
manufactures a transorb which is qualified to Mil-S-19500 that can absorb 15 kW at peak power 
for one millisecond. This device was designed to be compatible with Mil-Std-704 type power 
systems. RCA is also a source of these devices. Transient suppressors are in the technology 
ready category. 
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Revision E of this Interface Control Document reflects the changeover to the 
new Intel based LLPs. Since Motorola and Intel store 16 Bit words in memory differendy, 
this Interface Control Document had to be revised to reflect the difference. Anywhere the 
Switchgear Interface Card returned a 16 Bit word, the ICD has been changed to show the 
reversal of the high and low bytes. The only other change from revision D is the 
lkW/3kW determination for DC RPCs in a standard switchword. 
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The following ire SIC (Switchgear Interface Card) to LLP (Lowest Level 
Processor) commands, formats, and expected responses. The COMMANDS are messages 
from the LLP to the SIC. The RESPONSE is the actual data returned from the SIC in 
response to a command. The LLP will wait for a RESPONSE from the SIC after each 
command is sent. If no RESPONSE is received within 2 seconds, the SIC card will be 
considered nonfunctional. All COMMANDS sent to the SIC card will end with a CR 
(Carriage Return ) which flags end of transmission to the firmware on the MVME331 card 
(intelligent communications controller). All RESPONSES from the SIC will also end with 
a CR for the same reason. The MVME331 card removes the CR before transmission from 
the SIC to LLP and from the LLP to the SIC. 

NOTES: 

The dip switch configuration for SIC is as follows: 

Switch 1 - switch open (off) - bit() high 
Switch 2 - switch open (off) - bitl high 
Switch 3 - switch open (off) - bit2 high 
Switch 4 - switch open (off) - bit3 high 

The SIC port configuration is as follows: 

Baud rate - 9600 
Data bits - 8 
Stop bits - 1 
Parity - even 
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Status Format: 


************************ ***************** *********** ******** 

* bytel * byte2 * byte3 * byte4 * 
************************************************************ 


where: bytel -> $30 — status OK 

-> $31 -- status NOT OK 


byte2 -> cc -- copy of command received 
with MSB bit always set to 1 


byte3 


-> $80 — status OK 
-> $FF — unknown command 
-> $81 -- first byte not a command byte 
-> $82 — did not receive first data byte 
-> $83 — first data byte msb not high 
-> $84 — did not receive second data byte 
-> $85 — second data byte msb not high 
-> $86 — switch already on 
-> $87 — switch already tripped when 
tried to turn it on 
-> $88 -- switch already off 
-> $89 — switch already tripped when 
tried to turn it off 

-> $8 A -- GC Data Valid error when 
getting switch data 


NOTE : If the following statuses are received, do not 'download' switch 
settings 

-> $8B -- continous buffer overflow 
(reset continous buffer) 

-> $8C -- once buffer overflow 
(redo once buffer) 
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NOTE : If the following statuses are received, the SIC card must be reset 

or must use the redundant SIC 

-> $A1 -- SIC character buffer overrun 
-> $A2 -- character overwritten (OE) 

-> $A4 — parity error from UART (PE) 

-> $A6 - OE and PE 
-> $A8 — framing error (FE) 

-> $AA -- FE and OE 

-> SAC - FE and PE 

-> $AE - FE and OE and PE 

-> $F7 - SIC internal memory parity error 


byte4-> SOD -- end of status 


Command Word Format: 


************************************************** ********** 
* bytel * byte2 * byte3 * byte4 * 

************************************************************ 


where: 


bytel -> cc — command 
byte2 -> ddl — first byte of data word 
byte3 -> dd2 — second byte of data word 
byte4 -> SOD — end of command 
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Switchword Format: 


bitO 

1 (switch not tripped) 
current overrange H (1) 

bito=i (tripped) 

tripped overtemp latched H 

bitl 

S2 solid state swtch on H 

S2 solid state swtch on H 

bit2 

S 1 mech switch on H 

S 1 mech switch on H 


DC RPC type H (2) 

DC RPC type H (2) 

bit3 

overtemperature H 

overtemperature H 

bit4 

off control input H (3) 

off control input H (3) 

bit5 

on control input H (3) 

on control input H (3) 

bit7 

always 1 

always 1 

bit8 

current (1) 

tripped surge current H 

bit9 

current (1) 

tripped fast trip H (4) 

bit 10 

current (1) 

spare 

bitll 

current (1) 

spare 

bit 12 

current (1) 

tripped overcurrent (i^t) H 

bitl 3 

current (1) 

tripped undervoltage H 

bitl4 

current MSB (1) 

tripped grnd fault H 

bitl5 

always 1 

always 1 


(1) RMS current 

(2) If switch contains a mech. relay, then mech switch (on H / off L) 

If DC RPC (no mech. relay), then DC RPC type ( 1 kW H / 3 kW L) 

(3) bit5 bit4 RPC command 

0 0 on (error in hardware) 

0 1 on 

1 0 off 

11 no change 

(4) For DC RPC fast trip not flagged. DC RPC will be in "off' condition, 
but "commanded on" in fast trip situation. 
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GC Data Valid word format: 

bitO -> GC Data Valid switch 0 H 
bitl -> GC Data Valid switch 1 H 
bit2 -> GC Data Valid switch 2 H 
bit3 -> GC Data Valid switch 3 H 
bit4 -> GC Data Valid switch 4 H 
bit5 -> GC Data Valid switch 5 H 
bit6 -> GC Data Valid switch 6 H 
bit7 -> always 1 

bit8 -> GC Data Valid switch 7 H 
bit9 -> GC Data Valid switch 8 H 
bitlO -> GC Data Valid switch 9 H 
bitl 1 -> GC Data Valid switch 10 H 
bit 12 -> GC Data Valid switch 1 1 H 
bit 13 -> GC Data Valid switch 12 H 
bitl4 -> GC Data Valid switch 1 3 H 
bitl 5 -> always 1 


NOTE : L - data valid 

H - data not valid 
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Sensorword Format: 

bitO -> sensor data bit 4 
bitl -> sensor data bit 5 
bit2 -> sensor data bit 6 
bit3 -> sensor data bit 7 
bit4 -> don't care 
bit5 -> don't care 
bit6 -> don't care 
bit7 -> always 1 
bit8 -> sensor data bit 0 
bit9 -> sensor data bit 1 
bitlO -> sensor data bit 2 
bitl 1 -> sensor data bit 3 
bit 12 -> don't care 
bit 13 -> don’t care 
bitl4 -> don't care 
bitl 5 -> always 1 


A current/voltage sensorword_set consists of 9 sensorwords of the above 
format for a given current/voltage sensor. The 9 sensorwords will be of the following 
order: 


V rms 
I rms 

V offset 
1 offset 

V instantaneous 
1 instantaneous 
P instantaneous 
Preal 
frequency 
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In this document the notation sensorword_set_n will mean the 9 
sensorwords of the described sensorword format in the described order for a given 
voltage/current sensor "n" where n can be sensor/voltage sensor 0 to 15 

1) COMMAND: command switch off immediately even if 
already off or dipped 
FORMAT: cc ~> $20 

ddl — > $80 + j 

j -- 7 bits corresponding to the switches as follows: 

bit 0 -> switch 0 

bit 1 -> switch 1 

bit 2 -> switch2 

bit 3 -> switch 3 

bit 4 -> switch 4 

bit 5 -> switch 5 

bit 6 -> switch 6 

dd2 -> $80 + k 

k — 7 bits corresponding to the switches as follows: 

bit 0 -> switch 7 

bit 1 -> switch 8 

bit 2 -> switch 9 

bit 3 -> switch 10 

bit 4 -> switch 1 1 

bit 5 -> switch 12 

bit 6 -> switch 13 

RESPONSE:- set up 2 sec timeout 

- status as described in the NOTES 


APPENDIX II 
II-9 


ORIGINAL PAGE IS 
OF POOR QUALITY 



MCR-90-536 


Final 

APPENDIX II Report 


July 1990 


2) COMMAND: command switch on immediately even if already 
on or tripped 

FORMAT: cc ->$21 

ddl ~> $80 + j (j is defined in (1)) 
dd2 -> $80 + k (k is defined in (1)) 


RESPONSE: - set up 2 sec timeout 

- status as described in the NOTES 
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COMMAND: reset switch 

FORMAT: cc ~> $22 

ddl — > $80 + j (j is defined in (1)) 
dd2 — > $80 + k (k is defined in (1)) 


RESPONSE: - set up 2 sec timeout 

- status as described in the NOTES 


APPENDIX II 


II-I1 



MCR-90-536 


APPENDIX 


4) 


Final 

Report July 1990 


COMMAS D: select GC (all GC select codes will be set to zero) 
FORMAT: cc -> $23 

ddl ~> $86 
dd2 -> $85 


RESPONSE: - set up 2 sec timeout 

- status as described in the NOTES 


APPENDIX II 


11-12 


MCR-90-536 


APPENDIX 


Final 

Report July 1990 


COMMAND: 


FORMAT: 


RESPONSE: 


execute SIC firmware reset (does not reset actual set 

configuration) 

cc --> $24 

ddl ~> $80 

dd2 --> $80 

- set up 2 sec timeout 

- four bytes of data plus the status as described in 
the NOTES where the first two bytes give the 
following data: 


bitO -> 0 if GCO connected, 1 if not 
bit 1 -> OifGCl connected, 1 if not 
bit 2 -> 0 if GC2 connected, 1 if not 
bit 3 -> 0 if GC3 connected, 1 if not 
bit 4 -> 0 if GC4 connected, 1 if not 
bit 5 -> 0 if GC5 connected, 1 if not 
bit 6 -> 0 if GC6 connected, 1 if not 
bit 7 -> always 1 

bit 8 -> 0 if GC7 connected, 1 if not 
bit 9 -> 0 if GC8 connected, 1 if not 
bit 10 -> 0 if GC9 connected, 1 if not 
bit 11 -> 0 if GC10 connected, 1 if not 
bit 12 -> OifGCl] connected, 1 if not 
bit 13 -> 0 if GC12 connected, 1 if not 
bit 14 -> 0 if GC13 connected, 1 if not 
bit 15 -> always 1 
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the third byte gives the following data: 

bit 0 -> current SIC switchO setting 
bit 1 -> current SIC switch 1 setting 
bit 2 -> current SIC switch2 setting 
bit 3 -> current SIC switch3 setting 
bit 4 -> 0 if A/D connected, 1 if not 
bit 5 -> don't care 
bit 6 -> don't care 
bit 7 -> always 1 

the fourth byte gives the following data: 

bit 0 -> don't care 
bit 1 -> don’t care 
bit 2 -> don't care 
bit 3 -> don't care 
bit 4 -> don't care 
bit 5 -> don't care 
bit 6 -> don't care 
bit 7-> always 1 
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6 ) 


COMMAND: reset continuous buffer 
FORMAT: cc --> $25 

ddl ~> $80 
dd2 -> $80 


RESPONSE: - set up 2 sec timeout 

- status as described in the NOTES 
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7) COMMAND: fill continuous buffer (First use reset continous buffer 
then use this command to download code that is to be 
continuously executed. Code will start executing as 
soon as the download is started. Up to 80 of these 
commands may be concatenated before the buffer space 
is overrun.) 

FORMAT: cc -> $26 

eel — > $80 + q (q is defined as higher 4 bits of 
8-bit code(see sensorword)) 
ee2 — > $80 + r (r is defined as lower 4 bits of 
8-bit code (see sensorword)) 

At the end of the command is appended a $26 
until the last command, then a $0D is appended. 


RESPONSE: - set up 2 sec timeout 

- status as described in the NOTES 
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RESPONSE: 
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fill once buffer (This command is used to download 
code that is to be executed only once. Code execution is 
started by the trigger once buffer command. Up to 80 of 
these commands may be concatenated before the buffer 
space is overrun.) 

cc — > $27 

eel — > $80 + q (q is defined as (13)) 
ee2 — > $80 + r (r is defined in (13)) 
ee3 --> as defined in (13) 

At the end of the of the command or commands is 
appended a $0D. 

- set up 2 sec timeout 

- status as described in the NOTES 
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9) COMMAND: get buffered data 
FORMAT: cc --> $29 

ddl --> $80 + v 
(v is defined as: 

bitO -> bufferO 
bitl -> bufferl 
bit2 -> buffer2 
bit3 -> buffer3 
bit4 -> don't care 
bit5 -> don't care 
bit6 -> don't care) 

dd2 --> $80 


RESPONSE: - set up 2 sec timeout 

- data of the following format and status as described in 

NOTES 

HEADER - $20 

$ssssss - three bytes of status 
$8F - dip switch setting for SIC card 
(if not $8F, SIC card not 
installed) 

$nnnn - position in loop counter 
$kk - times through loop counter 
$mm - breakpoint 
$22 - start of data 

„> 14 switchwords plus 1 GC Data Valid word 
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NOTE: TM is temperature 
multiplexed, TC is 
temperature common 
(TM is not useful) 


— > 


temperature sensorwords OTM, 
OTC, 1TM, 1TC, 2TM, 

2TC, 3TM, 3TC 

frequency sensorword 0 

sensor_word_set_0 

frequency sensorword 1 

sensor_word_set_ 1 

frequency sensorword 2 

sensor_word_set_2 

frequency sensorword 3 

sensor_word_set_3 

$22 - end of buffer 

repeat arrowed sections for sensors 

4 to 7, 8 to 1 1 , and 1 2 to 15 
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10) COMMAND: 
FORMAT: 


trigger once buffer 
cc — > $2A 
ddl --> $80 
dd2 -> $80 


RESPONSE: - set up 2 sec timeout 

- status as described in the NOTES 
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1 1 ) COMMAND: get power factor and sign (To calculate the power factor 
use pfl=[Pavgl/[Vrmsl*Irmsl]. Use the same 
calculation to determine pf2 using Pavg2, Vrms2, and 
Irms2; if pf2 < pfl denotes capacitive loading; if 
pf2>=pfl denotes' inductive loading; ie, voltage leading 
current) 

FORMAT: cc ~> $2B 

ddl — > $80 + j (j is defined as 0 to $F depending 
on sensor pair used) 

dd2 ~> $80 

RESPONSE: -setup 2 sec timeout 

- data defined as six sensor words for the specified in the 
following order plus status as described in the 
NOTES. 

V misl 
I rmsl 
P reall 

V rms2 
I rms2 
P rea!2 
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12) COMMAND: get data for one specified switch a specified 

number of times 

FORMAT: cc ~>$2C 

ddl — > $80 + j (j is defined as 1 to $7F depending 

on the number of times data 
is specified to be taken — input 
buffer must be taken into account) 
dd2 ~> $80 + k (k is defined as 0 to $D depending 
on the switch specified) 


RESPONSE: -set up 2 sec timeout 
- data defined as: 

j number of 16-bit switchwords plus the status as 
described in the notes 
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13) COMMAND: get data for one specified sensor a specified 
number of times 
FORMAT: cc ~> $2D 

ddl — > $80 + j (j is defined as 1 to $EF depending 
on the number of times data 
is specified to be taked) 

dd2 ~> $80 + k (k is defined as 0 to $F depending 
on the sensor specified) 

RESPONSE: - set up 2 sec timeout 
- data defined as: 

j number of sensorword_set_n for the 

specified sensor plus the status as described in the 

NOTES 
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14) COMMAND: command switch on checking switch on or tripped status 
first; if any of the above conditions exist, the switch 
command for that particular switch or switches is not 
executed 

FORMAT: cc ~> $2E 

ddl --> $80 + j (j is defined in (1)) 
dd2 --> $80 + k (k is defined in (1)) 


RESPONSE: - set up 2 sec timeout 

- status as described in the NOTES 
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15) COMMAND: command switch off checking switch off 
or tripped status first; if any of the above 
conditions exist, the switch command for that 
particular switch or switches is not executed 
FORMAT: cc ~> $2F 

ddl --> $80 + j (j is defined in (1)) 
dd2 — > $80 + k (k is defined in (1)) 


RESPONSE: - set up 2 sec timeout 

- status as described in the NOTES 
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16) COMMAND: get data for all fourteen switches a specified number of 
times. 

FORMAT. cc ~> $30 

ddl ~> $80 + j (j is defined as 1 to $7F depending on 
the number of times data is specified to 
be taken, input buffer size must be 
taken into account) 

dd2 ~> $80 

RESPONSE: - set up 2 sec timeout 
- data defined as: 

(j times ( fourteen switch words plus 
GC Data Validword set)) plus the 
status as described in the NOTES 
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COMMAND: get data for all sixteen sensors one time 
FORMAT: cc ->$31 

ddl -> $80 
dd2 --> $80 

RESPONSE: - set up 2 sec timeout 
- data defined as: 

sixteen sensorword_set_n plus status 
as described in the NOTES 
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COMMAND: get all 16 temperature sensor readings one time 
FORMAT: cc --> $32 

ddl -> $80 
dd2 -> $80 


RESPONSE: - set up 2 sec timeout 

- 16 * 2 sensorwords for the temperature sensors 
and the status as described in the NOTES 
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COMMAND: get all 16 power factors and signs 

(To calculate the power factors see (17)) 


FORMAT: cc ~> $33 

ddl ~> $80 
dd2 ~> $80 


RESPONSE: - set up 2 sec timeout 

- data defined as 16 * (six sensor words for each sensor 
in the following order) plus the status as described in 
the NOTES. 


V rmsl 
I rmsl 
P reall 

V rms2 
I rms2 
P real2 
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APPENDIX m 

20 kHz AC Remote Power Controller Equipment Specification Document 

This equipment specification document describing the operation of a 20 kHz AC Remote 
Power Controller was prepared for reference use only by Martin Marietta and does not specifically 
refer to the breadboard units developed for the SSM/PMAD. 


APPENDIX III 


a x-f 



<4 141 37784-2 I 

















ur-3 







TABLE OF CONTENTS 


Page No. 


1.0 

SCOPE 

/ 

1. 1 

Ce ne ra 1 


1.2 

Class i f icac ion 

/. 

2.0 

APPLICABLE DOCUMENTS 


2. I 

Genera l 

< 

2.1.1 

Specifications 

c 

2.1.2 

Standards 


2.1.3 

Other Publications 

7 

3.0 

requirements 


3.1 

Item Definition 


3.2 

Characteris t ics 


3.2.1 

Performance Character is t ics . * * 

K 

3.2.2 

Physica 1 Characteris t ics 

1 7 

3.2.3 

Re liabi lity 

1 7 

3.2.4 

Maintainability 

1 L 

3.2.5 

Environmental Requirements.-* 

1/. 

3.2.6 

Transportability 


3.3 

Design and Construction 


3.3.1 

Parts, Materials, and Processes 


3.3.2 

Electromagnetic Interference fEMl).* 



. . . * * 7 K 

3.3.3 

Nameplates and Product Markings 

_ „ ?M 

3.3.4 

Workmanship 

*) w 

3.3.5 

3.3.6 

Interchangeability and Replaceabilitv 
Safety 

^ A 

3.3. 7 

Human Per forma nee /Human Enginering* . . 

* „ * . ?Q 

3. 3. a 

Structural Integrity 

7 Q 

3.3.9 

Pos it ive- locking Devices...** 


3.3.11 

Dimensioning and Tolerancing 


3.3. 12 

Product Cleanliness 

in 

3.3.13 

Design for Test 

7 1 

3.4 

Supplier Documentation 



0152b 


FSCM 

0423o 


NSRS 075CR21 5950 
Sheet 2 Rev 1 






TAHLE OF CONTENTS (cont'd) 


! 

\ 


4.0 


4. I 


4.1.1 

4.1.2 

4. 1.3 

4.1.4 


4.2 


4.2.1 

4.2.2 

4.2.3 

4.3 

4.3. 1 

4.3.2 

4.3.3 

4.3.4 


5.0 


6.0 


QUALITY ASSURANCE PROVISIONS.... 
Genera l 

Responsibility for Verification. 

Quality Assurance.. 

Notification of Tests * 

Test Program Controls 

Quality Conformance Verification 

Verification Methods 

Test Category Definitions 

Test Types * ” 

Test Requirements 

Development Tests 

Acceptance Tests 

Qualification Tests 

Certification 

PREPARATION FOR DELIVERY 

NOTES 

TABLES 

FIGURES 


Page No. 

33 

33 

33 

33 

33 

33 

34 

34 

34 

35 

35 

35 

36 
3« 

40 

41 
43 
45 
4 7 


0152b 


FSCM 

04236 


NSRS O ? 5CR2 l 59 50 
Sheet 3 Rev l 


jh-z 




t-0 SCOFF. 


— *« c°«t'o'n^lu:7'< ?ZVZ\T'° lUr - 


1*2 Class i f icac ion The 
Numberl s ) as follows : 


RPC shall be designated by Controlling Specification 


DASH NUMBER 
675CR215950 


NOMENCLATURE 

20 Khz AC Remote Power Controller 


ORiG^Ml p*G£ ... 

0F poor quality 


0152b 


FSCM 

04236 


NSRS 875CR2 l 5950 
Sheet U Rev L 


m-6 




2-0 APf* MCAIil.K DOCUMENTS 
2 . 1 Gene ra 1 


1— sKin ,.„ part 

*s r 1 1 - 

»"y referenced decnnenc. the re,„“,^I rf' 

2*1-1 Specifications 


2.1. 1.1 Federal 


2. 1.1.2 Military 

MIL-B-5087B 
15 Oct 64 
Int Amend 3 
24 Dec 84 
Amend 2 
31 Aug 70 

MIL-P-9024G 
06 Jun 72 

MIL-A-21180D 
05 Nov 84 


Bonding, Electrical and Lightning 
Protection for Aerospace Systems 


Packaging Handling and Transportability 
In System/ Equipment Acquisition 

Aluminum Alloy Castings, High Strength 


3.1. 1.3 Other 

SP-R-0022A 
9 Sept 74 

MSFC-STD-512A 
01 Dec 76 

NVSA RP-1024 
July 1978 


Vacuum Stability Requirements of Polymeric 
Materials for Spacecraft Applications. 


Man/System Requirements for 
Weightless Environments 


Anthropometric Sourcebook 


JSC 30000 
MSC S-M-0003 


SS-SRD-0001 


Space Station Program Definition 
and Requirements 

Design Requirements /Manned Spacecraft 
and Related Flight Crew Equipment 
Mark! ngs, Labling and Color 


ORJSJ^L pfiQ£ !S 

OF POOR QUALITY 


0152b 


FSCM 
04 2 36 


NSRS 87 5CR2159 50 

Sheet 5 Rev 1 


TTT-7 




Test Procedures for Packing 
Materials 


2.1.2 S ta ndi r !s 

2. 1.2.1 Federal 

FED-STD-101C 
13 Mar 80 
Qiange Notice 1 
08 Oct 82 
Change Notice 
12 Sep 83 


FED-STD-209BQ) 
24 Apr 73 
Amend 1 
30 May 76 


Clean Room and Work Station 
Requirements, Controlled 
Environment 


FED- STD-5 9 5A 
Notice 9 29 May 85 

Notice 8 30 Aug 84 

Notice 7 01 Jan 84 

Notice 6 01 Feb 80 

Notice 5 01 Mar 79 

Notice 4 01 Aug 73 

Notice 3 28 Apr 72 

Notice 2 17 Apr 72 

Notice 1 02 Jan 68 

2. 1.2. 2 Military 

MIL-STD-129 J 
25 Sep 84 


Colors 


Marking For Shipment and Storage 


MIL-STD-130F 
21 May 82 
Notice 1 
2 July 84 

MIL-STD-461B 
01 Aug 80 


MIL- STD-470 A 
03 Jan 83 

MIL- STD-1 472C 
02 May 81 


Identification Marking of US Military 
Property 1 


tlec tromagnetlc Emission and Susceptibility 


Maintainability Program for Systems 
and Equipment 


Human Engineering Design Criteria 

r< w3f tary S 5 rstens . Equipment aid 
Facilities 


OuAi.?r>y 


0152b 


FSCM 

04236 


NSRS 875CR21 59 50 
Sheet 6 Rev 1 






MI 1.- STD -15 22A 
28 May 84 
Notice 1 
21 Dec 84 

MS33540C 
09 Feb 73 

2. 1.2.3 Industry 

ANSI Y14.5M 
1982 


Standard General Requirements For 
Safe Design and Operation of 
Pressurized Missile and Space 
Systems 

Safety Wiring, and Cotter Pinning, 
General Practices for 


Dimensioning and Toleranclng 


ANSI Y32.2 
1975 


Craphic Symbols for Electrical aid 
Electronics Diagrams 


ANSI Y32.16 
1975 

2. 1.2. 4 Occupat tonal 


Reference Designations for Electrical 
and Electronics Parts and Equipment 


2-1.3 Other Publications 
2. 1.3.1 Manuals 


2. 1.3.2 Regulations ' 

2. 1.3. 3 Handbooks 


MIL-HDBK-5 D 
1 Jun 83 
Vol 1 
Notice 1 
1 Jan 84 
Vol 2 
Notice 2 
1 Jan 84 


Metallic Materials and Elements for 
Aerospace Vehicle Structures 


NHB 6000. 1C 


Requirements for Packaging, Handling and 
Transportation for Aeronautical and Space 
Systems Equipment and Associated Components 


2. 1.3. 4 Martin Marietta Denver Aerospace 


M-67-45 
Revision 3 
Dec 83 


Test Methods and Controls 
Components 


SSP-MMC-00020 

WP-01 

Vol 1 


Systems Test and Verification 
Plan 


0152b 


FSCM 

04236 


NSRS 875CR215950 
Sheet 7 Rev 1 





I . ') KKoWI KKMKNTS 


^ ^ Definition . A RPC is a solid state remote power controller and a 

circuit monitoring and protection device. This specification defines the 
requirements of solid state RPC for use in protecting the 20d Vac, 20 KHz 
electrical distribution system from overloads and faults. The RPC covered by 
this specification will be used for protection of BUS feeders as well as the 
wiring to individual loads. Coordination between RPC*s of differing rating is 
required. RPC operation shall be trip free. RPC shall be capable of Ground 
Fault interruption. 


3-2 Characteristics The RPC shall be SPST and shall be designed to actuate 
by means of logic level signal applied to the on and off control inputs. The 
RPC control inputs will also have a inhibit and data enable described herein. 
These inputs will be from open collector sources with a maximum 36V off state 
voltage, sinking capability of 10 mA in the low state and a maximum leakage 
current of 100 uA in the high state. A tripped device shall be reset by 
removing and reapplyi ng the control signal. 

(^^ure 2J. The RPC shaJ^ oe capably Lng a latching type load 
isolation relay which will electricaLly isolate the load by switching the 
relay off after the RPC has turned off. Similarly, the RPC shall turn the 
relay on prior to initiating its normal turn on function. Two RPCs shall be 
compatible in forming a break-before-make SPOT switch. The control circuit 
shall be electrically isolated from the power circuits^, gjrcu itry 

will receive power from the primary line. 



3-2.1 Performance Character is t ics . The performance characteristics of the 
RPC shall be as specified in the following paragraphs. 


3 . 2 . 1 . 1 Powe r 


3.2. 1.1.1 Power input . The RPC shall meet the requirements of this drawing 
when operating on input power with the following characteristics: 


0F POOr? 
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F requenc y 
Vo l Cage 


Scat ion and Platform 


20 KHz */- .52 Hz 


206 Vrms 


Load Power Factor 0.9 Min 

Tocal Harmonic 32 

Distort ion 


3-2. t . 1. 1. 1 Power Consumption 


” 2* 5Z at HoduLes and 
attached payloads 


Maximum amplitude: 3rd 
harmonic 30 db below 
fundamental. 5th harmonic 
(TBS) db below fundamental 


Switch Currents 

(switch off with rated 


3ma at 20d Vac 20 Khz 
load connected) 


Supply Current Load current - 3 , 1 * 

(L00Z rated load) at 208 Vac 20 KHz 


Q 

Of 
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J't u. 


Sw i l c li 


h,liowi "h cli.ir.icconscics. 


i il«! Sol hi s[. 


I L 


■' l>ow,r U ope r.,c.f within 


I. lie 


A) Switch Form 
U) Trip Characteristics 

C) Switch Ratings 

D) Overload Trip 


E) 

F) 
C) 

H) 

I) 

J) 

K) 

L) 

M) 

N) 


Fault Trip 

Peak Let-thru current 
Rupture Current 
On-state voltage drop 
Power Dissipation* 
Turn-on/turn-off delay 
Turn-on 
Turn-off 

Initial Turn— on or restart 
current limit 
Initial Turn-on or restart 
time delay 


SI’ST 

Figure l. 

Table b 
l • l x Rat ing 
(Figure l) 

4 -3 x rating (max) within 5ms. 
4-3 x rating ■(max) 

Unlimited (current limited) 
1.15 Vac (max) 

IZ of VA rating (max) 

2.5 ms (Max) 

within 2uS of zero 

within 2uS of zero current 

2*25^ .25 x rating 

50+ 5 msec to 5+ .5 sec 
selectable 


* A dCSign 8031 iS C ° rainimUe the power dissipation in the RPC power stage. 
3 ’ 2 * 1 * 3 * Trip Characteristics (Figure 1) 

Si'i'usss.,’!;, - 

;i“; — - =* ■» 

Fixed time delay shall be adjustable 8 ? - 1 c “rn-on or re-start. The 

seconds maximum. An external 1,1 * nunuwjm 50 milliseconds to 5 

external resUtive^l^^/:?!!^:' “J ^ '° ^ the Ci "* An 

dissipation internal to the RPC in the current limit modr. lnU " lZe ^ ^ 

^ - «-• 

oir'the^ON— A triPPed RPC ShaU b * «•« hr cycling Che control signs, s 

eiceehrng *° d ' »l»t power lines 

8 tor 40 raS shall cause the RPC to trip off. 

c‘ 2 ‘ 1 * 3 : 6 ~° Wer SuppLv Sur ft es A power supply surge that results 
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,t f>P 1 V Kl.iikon t 


lor more r ( .~ , a s A s,, 'M>Iy that drops below 130 volts 

. i . ' i 1 1 i second s shall cans.; the KPC to switch off at the 

to nornvi1 * 

3.2. 1.4 Control Circui t s 

3-2, 1.4.1 Lo gic Levels Logic levels shall be as noted in the following table 

Logic State Logic Level Logic Voltage 


Low 

High 


0 

l 


-0.5 to * 2.5 Vdc 
♦3.5 to +36 Vdc 


^Tt^Ow'sJce 1 ' d b V f - th ' " 0|>e " C ° 1U "° r " o.p.bl. «f sinking -,0 

HICH 5! Z Z*: Uak **' c “ rrent of -100 uA in Che 

-•T ^ ss 

open collector inputs, the internal pull-up circuit shall be Mna hi» f 
no bP J«"L“o , ^! t 100 “ A “ th ' HIGH SC "'- The V” of"K oorrenc shall 

3.2.14.2 ON/OFF Control InDuts Th/* ppr i i u 

fooocs lhac ^ rol the BPC .r table : 


ON Input 


OFF Input 


0 

0 

1 

L 


0 

1 

0 

1 


RPC Status ' 

ON 

ON 

OFF 

NO CHANGE 


low input! 'roJ'ahpuUndhinDut a “ ep “ 1 ’? eLCh « r a continuous or A pulsed logic 

-iiuscconds oith r£. d sreiu^irsTrs.^ffiii^. 10 

suitch^but g frr~fgf ^‘ INHIBIT input sh.ll turn off th. RPC's power 
inputs. n8G C C SCate of the eternal latch set by the ON/OFF 


Inhibit Input 


RPC Response 


LOW State 
HIGH State 


Power Switch Inhibited 
Power Switch Enabled 


3 rt s R " c i’ h :“ — output .s 

inputs. Refer to Figure 5 cesponse to th. DATA ENABLE And CLOCK 


Data Enable Input 


RPC Response 


LOW State 
HIGH State 


Data Latched (1) 

Data Unlatched, RPC reset (2) 
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(t) Tr.mstni ss ion Logins on first fail ling odgo tit CLOCK pulse 
( paragraph 3.2- l- 4.5). 

(2) Ceases data t ransrai ss ion . Data transmission commences with MSB 
upon next RPC interrogation. 

3.2. 1.4.5 CLOCK The RPC shall accept a 115.2 kHr clock (Figure 5) for bit 
timing of the SERIAL DATA OUTPUT (paragraph 3.2. 1.5. 2). The RPC shall 
transmit a serial data output as described in paragrah 3.2. L5. 2 in response to 
the falling edge of each CLOCK pulse when the DATA ENABLE (paragraph 

3. 2.1. 4.4) is in a LOW state. 

3.2. 1.4. 7 Load Isolation Relay/Contactor Coil Drive and Position Monitor 
Circuits - TBD 

3.2.1. 5 Monitor Circuits 


3.2. 1.5. 1 Logic Levels - Same as paragraph 3.3. 5.1. 

3.2. 1.5.2 Serial Data Output - The RPC shall transmit serial data in 
accordance with Table 5 in response to the DATA ENABLE (paragraph 3.2. 1.4.4) 
and CLOCK (paragraph 3.2. 1.4.5) inputs. The SERIAL DATA OUTPUTS of TBD RPC's ‘ 
shall be capable of being paralleled, forming a single serial data output 

bus. The SERIAL DATA OUTPUT shall be synchronised to an external clock signal 
< paragraph 3. 2. 1.4. 5) and will shift data to the left (Figure 5) beginning 
with bit 15 (MSB) on the failing edges of the CLOCK pulses. The RPC shall be 
interrogated in accordance with the timing diagram depicted in Figure 5. 

3.2. 1.5. 2 STATUS DISCRETE - The STATUS DISCRETE output shall indicate the 
state of the RPC power switch. 

RPC Power Switch State STATUS DISCRETE Output State 

ON LOW 

OFF HIGH 


0F SSun 
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.n i x ' K,i; sh,M »:.i j».i !. t •- ..i p.iw.-cmK Clio {.>1 lowing lo.i.l 

l- Kus i st i vc loads 
2. Inductive loads 
3- 20 kHz transformers 

t *' Off-line bridge rectifiers (Figure 4) 

3-2.2 Physical Character ist ics 

a " d Confi ^™tion size, configuration and mounting 

imensions shall be m accordance with the requirements of figure TBD (see 
J-J.ll herein - dimensioning and toleranc ing) . 

L 2 ;ei\» ! T5 £! 7„ r T l 5’'Lp h ^. be d “ ig " ed to a " eieht but shaU not 

any'or i-nta^fonT^ ^ - 

h 2 ;LL f^;r' 2 :" cerfa “ - The el " tri ' :,l “«<•'«« n**™. t «, RPC 

3*2.3 Re liability 

? e 1 uirei “ nts Reliability requirements and criteria shall ba 

thasa iei'i™„ t T°h l> ?rb e ' i int ° ?•* desie "- The Up 1 erne bt a c ion of 

requirements shall be accomplished as specified herein. 

reliabililu Pi,lier ReI ^ biUc r Pro 8»"- The supplier shall establish a 
_ P eram chac meets the requirements of JSC 30000, Section 9 

paragraph 3 0. The reliability program shall be an integral part oTthe 
pplier s design, development, test and operational activities. 

(MTBF) 3 of-r L t ReIiab ^ Ul:v The Rp C shall achieve a meantime between failures 

TBS ho 3SC TBS hOUrS ‘ ThC MTBF Shal1 b€ based on •« operating time of 

" S ‘’ r '^ r ?*“ *" d * -on-op.r.tin« (standby) time of T.S hours ^r ye”. 

If redundancy is required co achieve Che specified reliability it shall be 
subject to Martin Marietta approval. ointy it shall be 


C- a , 
Of £>,-% 


r is 
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3 . 2 . 3 . 4 F .i 1 lu re To ’ e ra nc e N/ A 


3. 2. 3. 5 
does not 


Failure Propagation The RPC 
cause additional failures. 


design shall he such tlat 


one 


f al lure 


3 * 2 ; 3,6 Service Life The RPC shall remain operational 10 years 
replacement Is needed. 


before 


( 


™r*t J^ 1 -- n c al | 1 t bt H ty ° eS i gn f or "attainability shall be In accordance with 
JSC 30000 Section 3, Part (TBD) , (SSP-MMC-#TBD Maintainability Implementation 
Plan) and (SSP-fMC-#TBD Maintainability Design Culde). Design for 
maintainability includes but Is not limited to requirements for access, 
meantime to repair (MTTR), fasteners, mounting interface and maintainability 
verification. y 


! J* 2 *!" 1 Maintena nce Concept The maintenance concept Is specified in JSC 
30000, Section h] Part 4. 

3*2.5 Environmental Requirements 

3 * 2 * 5 * 1 Ground storage, transportation and handling environments The 
assembly shall meet the requirements specified herein after exposure In a 
packaged (unless otherwise specified), non-operating condition to the 
following environments. 

3. 2. 5.1.1 Temperature -55° to 65°C (-67°F to 149°F). 

3.2. 5.1.2 Pressure 20.6 kPa to 110 kPa (3 psia to 16 psia)./ 

3. 2. 5. 1.3 Relative fkunldlty 0 - 100Z. 

^o‘, 5 * 1 * 4 -t Lt f ?g 12 NaC1 weight, as defined in MIL-STD-810, method 
509.2, Procedure 1. 

3. 2. 5.1. 5 Fungus As identified in MIL-STD-810, method 508.3. 

3.2. 5.1.6 Ozone 10 parts per billion by volume. 

3.2.5. 1.7 Thermal Radiation As defined In MIL-STD-810. Method 505 2 

procedure I. ’ 

3.2.5. 1.8 Sand and Dust TBD 

3.2. 5. 1.9 Sinusoidal Vibration As defined in Marshall TM86538 Section VI 
Transportation and Handling Criteria and Procedures. 

3.2.5.1.10 Acceleration (covered under 3. 2. 5. 1.9 and 3.2.5.1.10.1). 
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swep r ^logart thmlca l ly ^‘S*,*’ t^thT"’'/ 1 " 5 f" >r, ' : ‘° a frequencies are 

1 octave per minute , “h ' ! freqoe^y ami back to S lit at 

do tettilne major resonance Til J / ! f”" 1 " 66 ^frumented to 

major component resonate « h’n “"“f? ! due11 tS re<tulr<!<i « each 
test. Criteria Slov 5 H " r. J Cr j t '\ rta ' , "'’ Uc “ de 'Peclfled for tie soeep 
required. The criteria are tabulIted S bf l"ou?”'^ ‘derations only and no test Is 


(a) Aircraft 


Cb) 


Cl) Jet (5-2000-5 Hz 0 1 oct/min) 

5 - 10 Hz 6 0.022 in. D.A . Disp. 

10 - 35 Hz 0 0.11 g’s peak 
35 -200 Hz @ 0.0017 in. D.A. Disp. 
200-2000 Hz 0 3.5 G’s peak 

(2) Propeller (5-700-5 Hz 0 1 oct/min) 

2 - 4 Hz 0 0.42 in. D.A. Disp.* 

4 ~ 5 Hz 0 0.35 g’s peak* 

5 -12 Hz 0 0.35 g’s peak. 

12 -55 Hz 0 0.045 in. D.A. Disp. 

55-300 Hz 0 7.0 g’s peak 
300-700 Hz 0 3.5 g’s peak 

(3) Helicopter (5-600-5 Hz 1 oct/min) 

5 12 Hz 0 0.22 in. D.A. Disp. 

12 - 40 Hz 0 1.6 g’s peak 
4 0 - 55 Hz 0 0.019 g’s peak 
55 -120 Hz 0 3.0 g’s peak 
120 -170 Hz 0 0.0040 in. D.A. Disp. 

170 -220 Hz 0 6.0 g’s peak 

220 -260 Hz 0 0.0024 in. D.A. Disp. 

260 -600 Hz 0 8.0 g’s peak 

Truck 

(1) Smooth Paved Roads (5-300-5 Hz 0 1 oct/min) 
1 - 4 Hz 0 0.43 in. D.A. Disp.* 

4 ~ 5 Hz 0 0.35 g’s peak* 

5 -150 Hz 0 0.35 g’s peak 

150 -300 Hz 0 0.06 g’s peak 


( 2 ) 


All Road Conditions (5-1000-5 Hz 0 1 oct/min) 
1 “2 Hz 0 1.7 g’s peak* 

7 -15 Hz -0 1.7 g’a peak 
15-1000 Hz 0 1.7 g’s peak 
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Cc) Trains 

Cl) Normal Railroad operations <5-2000-5 Hz 6 1 oct/mln) 

2 - 3 Hz 0 2.6 In.D.A. Dlsp.* 

3 — 6 Hz @ 1.2 g’s peak* 

6 - 130 Hz 6 1.2 g’s peak 

130 - 185 Hz @ 0.0014 In. D.A. Dlsp. 

185 - 2000 Hz <2 2.5 g' s peak 

(d) Ships 

Cl) Normal Shipping Operations <5-300-5 Hz 0 1 oct/min) 

0.1 - 0.3 Hz @ 0.35 g’s peak* 

0.3 - 1.5 Hz @ 0.35 g’s peak* 

1.5 - 4.0 Hz 6 0.10 g’s peak* 

4.0 - 5.0 Hz @ 0.12 in. D.A. Dlsp. 

5.0 - 11 Hz 6 0.12 In. D.A. Dlsp. 

11 — 300 Hz @ 0.75 g's peak 

* Design criteria only, no test required. 

3.2.5.1.11 Shock As defined In Marshall TM86538 Section VI Transportation and 
Handling Criteria and Procedure. 

3.2.5.1.11.1 Shock Criteria, Transportation When shock testing is required 
because of rail shipment the test should be conducted by applying five shocks 
in each of three mutually perpendicular axes (15 shocks total). Any shock 
pulse that results in a response spectrum <Q“ 10) as severe as that presented 
below will be acceptable. 

R a ilroad Car Himping Conditions (5 shocks per axis) 

20 - 160 Hz (2 +6 dB/oct 
160 - 340 Hz 0 500 G’s peak 
340 - 400 Hz <§ -6 dB/oct 

3.2.5.1.11.1 Transportation Shock Handling Criteria and Procedures Handling 
criteria are required to account for typical conditions that occur during 
loading or unloading operations. Tests for these conditions consist of 
numerous container drops from various orientations of the container. Where 
equipment design allows, equipment will be subjected to a transit drop test as 
described below. If normal equipment design does not allow this type testing, 
the procedures and required protection in handling are to be submitted to the 
appropriate MS PC program manager for approval. 

3.2.5.1.11.2 Test Conditions The transit drop test should be used for 
equipment In Its transit or combination case as prepared for field use to 
determine if the equiment is capable of withstanding the shocks normally 
Induced by loading and unloading of equipment. 

For equipment weighing 1000 pounds or less, the floor or barrier receiving the 
impact 6 hall be of solid 2— In. thick plywood backed by either concrete or a 
rigid steel frame. For equipment weighing over 1000 pounds, the floor or 
barrier shall be concrete or its equivalent. 
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>« y ti ‘ of M i n 3 2% TVl IT “£** " Um,>er and 

w lch any of the test mnrh^ic ‘ 1* Prior to proceeding 

ambient conditions and a retort made"/!!! a^!*‘ *” oper * c<rf »«ler standard 
compliance old, reoulred ° f * n <l *“ "Ocessacy to determine 

for c Kecking satlXtfry "rfo^nc" J r^ ?'“ U pre ” ld ' th. criteria 
the conclusion of the ™"i r^lS d “ Cl "<= « « 

Thale 3 .2. 5, 1.11 .4-1 


La rgest 


Height of 

Dlmensl ons 
( Inches) 

Notes 

Drop 

( inches) 

Under 36 

A 

48 

36 & over 

A 

30 

Under 36 

A 

30 

36 & over 

A 

24 

Under 36 

A 

24 

36 to 60 

B 

36 

Over 60 

B 

24 

No limit 

C 

/ 

18 


Number of drops 
Drop on each face, edge, 
and corner. 

Total of 26 drops. 

Drop on each comer, 


Total of 8 drops. 


I 100 to 200 lb 
I Inclusive 
I 

I Over 200 to 
I 1000 lb 
I Inclusive 
I 

I Over 1000 


by the b.A.BrCo^ra^on^SlJreatel« 1C N~ re i e rt e h °° k ° r dr ° P tester as made 
shall be oriented so Chat udoTi™!^ * iT T ’ °l C<,Ual * The test lte ” 
the center of gravity of dm caeT 1 * flue from the struck corner or edge Co 

surface. * T CaSe and fa perpendicular to Che l^acr 

comblnaclo^case 6 wlrh^che -‘Til™ 5““* 1 «° ,h * fl ~ r - «» ^nslt or 
one end by a block 5 In high aL 'tT oL * ** SUpp0rtad « ch ' comer of 
by a block 12 in. high The oddosH-a h ^ ot J er coraer or edge of the same end 

the specified height^t the lol^tr * ^ ° f * he 0356 sha11 then be raised to 

freely. 8 ^ loWesC uns “PP°rted comer and allowed to fall 

subjected to the edgevisT'an/ cornerwi° Si d i0n ’ **** C3SC 3nd conCents shall be 
transit position \* (if 0001131 

longest dimensions are parallel to the ^floo^)? the tW ° 

1? ^. dr ^ t oposite“dge g shTll t ^ mited^ 11 £f SUpP ° rted on a s111 5 c ° 6 
allowed to fall freely JL ™ S C ° the 8 P ecl ««* height and 

base of the case (total of four drops). a PP lled once to each edge of the 
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ni: f - - «« -» - -p.™ 

Placed under the other comer'of ?L‘ ^ normal l y 12 In. high shall be 

shall be raised to che specified helghcTt^ j ^ ° pposUe end of the case 
allowed to fall f ree iy TM* tLi 2 .,,' L * OWest u * su PP°rted corner and 

-Wo„alI y Us (tocaT^ 0n " *° eaCh ° f «* 

the proportions of width and height of tte^aL L c ® rnerw l«e drops). When 

Instability In the cnr „.^ e ^ 8 the case are such «s to cause 

In such l„sc.„c„ tuo *' d "“ ls ' dr ?" * h * 11 •» n-b s clc„ ced . 

additional drops (four 


and thTre^'co^a red'd SILSTS- *1“ te5t U " Sha11 *• opamtad 
the following procedures Prior to nm ai ° r „5°. testln8 ln ^cotdance with 
the test item shall e o^ratld unJe/S^ ^ ° f the test "<*tods, 
“ade of all data necessary to de^Lil »“*«? -1 blent conditions and a record 

These data shall provide the criteria for^ 11 ^' WlCh requlred Performance, 
the test item during testing 1 C ?~ klng aatlsf ~tory performance of 

da. w /deCertor«"on^MldII e ^Ji S “^ 1 t e ‘“ , ’“*“ 1 * I;" 0 " 1 " d * ° f «* 

the test, perform a visual lnsn^rfA * If a test chamber is used for 

test conditions when possible ^o^coLl ^! tb ? chanber «t 
the test Item again after the tes^mT,! 1!“ the C 5 st * Vlsua11 ^ lnspecC 
conditions. Deterioration corrosion or h *** ” tuc ® ed to standard ambient 
Internal or external Darts wmI ? ^ ? chan « e in tole tance limits or any 
from meeting ope^lonal L^ce or^/r , “* r PKVent the tasC i«=- 
to consider the test Iter xTtllill " a f. nt “ nance requirements shall be reason 
test. CC ** tavln 8 fail « d to withstand the conditions of the 
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3 *2 . 5. 2 I .aunc ' 
specification du 


envj room cuts The assembly 
ting and after exposure to 


3. 2. 5. 2.1 


Module Interior 


sliall meet tlie requirements of this 
the following launch environments. 


3.2. 5.2. 1.1. Temperature +15.6° to 32.2°C (60°F to 90°F) 

3- 2. 5.2. 1.2 Pressure 100 to 013 kPa (14.5 tol4.9 psla) 

• 2. 5. 2. 1.3 Humidity 1.7°C to 2l°C dew points (35°F to 70°F) 

3 .2. 5.2. 1 .4 Alrborn NaCl TBD 

3.2. 5.2. 1.5 Fungus 1000 coony forming units (CFU)/m3. 

3.2. 5.2. 1.6 Ozone 6 parts per billion by volume. 

3.2.5.2.1.7 Sand and Dust TBD 

faccors as a faction of ?e„ia«enc,l fre, u .„cy fo/desl^. ' ^ 

3.2. 5.2. 1.9 Accele ration Covered In 3 .2. 5.2. 1.8 aod 3.2. 5.2. 1.11. 

3.2.5.2.1.10 Acoustics See Table 3.2.5.2.1.10-1. 
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Table 3.2.5.2.1.10-1 



1 /3 0c ta ve | 

Center Frequency | Band 
(Hz) | 

Level (dB re 2 x 10 -5 N/n 2 ) 


i 

1 

| 


31.5 | 

111.0 


f 


40 | 

113.0 


1 

1 


50 | 

116.0 


1 

1 


63 | 

118.5 


1 

1 


80 | 

120.0 


1 

| 


100 | 

122.0 


1 

| 


125 | 

124.0 


1 

1 


160 | 

125.0 


1 


200 | 

126.5 


I 

| 


250 | 

127.0 


1 


320 | 

127.0 


1 

| 


400 | 

127.0 


1 

1 


500 | 

126.0 


| 


630 | 

123.5 


I 


800 | 

120.5 


1 

1 


1000 | 

115.5 


1 

i 


1250 | 

113.5 


I 

1 


1600 | 

112.0 


1 

I 


2000 | 

109.0 

/ 

1 

| 


2500 | 

106.5 


1 

1 


3200 | 

103.0 


1 

[ 


4000 | 

100.5 


1 

| 


5000 I 

97.5 


1 

[ 


6300 | 

95.0 


1 

1 


8000 | 

91.0 


1 

1 


10000 | 

89.0 


1 

[ 


OAL | 

136.0 


1 


( 


( 


TEST TIME: TBD 


ORJGJsVAL [g 

OF POOR QU.AL/TY 


0152b 


PSCM NSRS 87 5CR2159 50 

0*236 Sheet 20 Rev 1 


xrr-zz 


i . 1 . > 
t i .in.; 


s 1 1 < iwri 

f 


7 » 

• Mil 

i n 


* * * 1 ( 1 11 ; [ «‘M t v i «MVI l UHI Set; Table 

!•».!*< Victors shall ho combi no<! with 
i.2. 3.2.1; liowiivor landing Cnnsiont 


i. -2. >.2.1.11-1. Li ft „t i 
v i iu o.ictMi s t i c load facto 
load factors arc total;;. 


rx 


a s 


Table 3.2.5,2.1.11-1 
Trans ient Vibration 


1 

1 

LIFTOFF 



LANDING 


1 

1 ITEM/ COMPONENT 

1 

X Y 

g's g's 

7. 

g's 

X 

g's 

Y 

s’* 

z 

g's | 

RACK/STRUCTURE 

3. 0/-6.0 +5.0 

♦5.0 

♦ 5.0 

♦5.0 

i 

6/-4.0 | 

COMPONENTS 

4.0/-7.0 +6.0 

♦6.0 

♦6.0 

+6.0 

1 

7/-5.0 | 

1 


( 


NOTES 


1. Load factors are provided in Orbiter coordinate axes 


2* Items / comonen ts mounted directly to the 
(including the integrated racks) should have 
greater chan 25 Hz. 


module primary structure 
a minimum natural frequenc 


y 


3. I terns /components mounted to secondary support structure 

should have a minimum natural frequency greate than 35 Hz. 


such as a rack, 


.k££ ds Combination The transient/steady state load/factors are 
assumed to act simultaneously resulting in correlated loads. Loads due to 

but onirone'd 10 " *** aSSUmed C ° ^ uncorre Uted • ^ting in any direction, 

comoneiL i a “ * *”!*' Limit l ° adin * for secondary structure and 

k 3 Se l? n su P er P°sition transient/steady state (T/SS) and 
random vibration (R) or acoustic (A) loads: 


^limit = ^T/SS + Lr 

or, for large surface area, lightweight structure, 
L limit = l T/SS + l A* 



iv : / 

2 
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Random Vibration Criteria 


20 Hz 
20 - 100 Hz 
100 - 200 Hz 
200 - 300 Hz 
300 -1000 Hz 
1000 -2000 Hz 
2000 Hz 


.006 g 2 /Hz 
3 dB/octave 
.03 g 2 /Hz 
-3 dB/octave 
.02 g 2 /Hz 
-9 dB/octave 
.0025 g 2 /Hz 


Composite ” 5.3 g ids 


Random Vibration Load Factors 


/ 


Figure 3.2 .5.2 .1. 8—1 Zone CM— 1 Common Module Cylinder 

Wall Ring Frame/Longeron Junctions 
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Random Vibration Criteria 


20 Hz 
20 - 100 Hz 

100 - 600 Hz 
600 - 2000 Hz 
2000 Hz 


.002 g 2 /Hz 
+5 dB/octave 
.03 g 2 /Hz 
~6 dB/octave 

.00 28 g2/Hz 


Composite - 5.34 g nns 


Random Vibration Load Factors 


Figure 3. 2. 5.2. 1.8-2: 


Zone CM- 2 Common Module Cone Sections 
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Table : 

Orblcer Cargo Bay Combined 

1/3 Octave Band 
Center Frequency (Hz) 

20.0 

25.0 

31.5 

40.0 

50.0 

63.0 

80.0 

100.0 

125.0 

160.0 

200.0 

250.0 

315.0 

400.0 

500.0 

630.0 

800.0 

1000.0 

1250.0 

1600.0 

2000.0 

2500.0 

3150.0 

4000.0 

5000.0 

6300.0 

8000.0 

10000.0 

OVERALL SPL 


Liftoff/Boost Acoustic Spectrum 

Sound Pressure Level (dB) 
Ref. 2 x 10-5K/M2 

118.0 

120.0 

122.0 

124.0 

125.5 

127.0 

128.0 

128.5 

129.0 

129.5 

129.0 

129.0 

128.5 

127.5 

125.0 

123.0 

121.0 

119.0 

117.5 

116.0 

114.0 

112.0 

110.5 

108.5 

106.5 

105.0 

103.0 

101.0 

139.0 


( 


( 


3 * 2 * 5 * 3 Orbital Operational Environments The assembly shall meet the 
requirements specified herein during and after exposure to the following 
environments. 


3 .2 .5.3 .1 Orbita l Int ernal Envl ronm ent s 

■ Temp ^. rat:ure 18 ° C to 24 ° c < 65 ° F to 7S°P) nominal: 

C Co J** C (60°F to 85°F) 28 d ay degraded; 19.6°C to 32.2°C 
160 f to 90° F) emergency; TBD during emergency decontamination. 
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1.2. 5.3. 
I O'# k Pa 


1.2 Pros su rc LOO to 103 k Pa 
^ ^torr ) during cnicrgoncy 


( 14. 5 to L4.9 psl.i) 
dccontamln.it Ion. 


nom i n.i L ; 


1.3 x 


3. 2. 5. 3. 1.3 Hum Id it y 4°C to 
1-7°C to 32°C dewpoints (35°F 


10°C dewpoints (40°F to 50°F) 
to 70° F) 28 day degraded. 


nom ina 1 ; 


3. 2. 5. 3. 1.4 Random Vibration 15-1000 <3 .003 g/Hz 

1000—2000 @ 6 dB/oc t„ 


exceed^" LF0 ^ h * arlng conservation purposes shall not 

over the < P * aks * roadless of duration, cannot exceed 30 dB 

over the baseline noise specification, 

3. 2. 5. 3. 1.6 Accele ra t ion 


3*2. 5.3. 1.7 Radiation TBD. 

3. 2. 5. 3. 1.8 Transient Vibration 0-20 Hz @ 0.26 g/0 peak. 

3.2. 5.3. 1.9 Loads Combination See 3.2.5.3.1.12. 

3. 2. 5. 3. 2 Orbital External Environments 

3 .2. 5.3 .2. 1 Thermal Radiation 

3 .2. 5.3.2. 1.1 Solar Radiation 1371 +/-5W/m 2 . 

3.2. 5. 3. 2. 1.2 Earth Albedo 30Z. 

3. 2. 5. 3.-. 1.3 Earth Emitted Radiation 237 W/m 2 . 

3. 2. 5. 3. 2. 1.4 Space Sink Temperature 3K (-270°C). 

lolr'ilii 2 X l0 ' 7 “ 2 - 3 * 10- 8 “>>* (1.5 


x 10 “ 9 


3. 2. 5. 3. 2. 3 Random Vibration TBD. 

3. 2. 5. 3. 2. 4 Acceleration TBD. 

3. 2. 5. 3. 2. 5 Article Radiation 

3. 2. 5. 3. 2. 5.1 Ionosphere Plasma TBD. 

3. 2. 5. 3. 2. 5. 2 Trapped Radiation TBD. 

^ * 2 * 5.3 .2. 5 .3 Solar Cosmic Rays TBD. 

3 .2 .5. 3 .2 .5.4 Galac tic Cosmic Rays TBD. 
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| , ' , , rbU, ; > ° p - r : 1Clon Klu,|folWt, » ts •*«« *'«ll «eet the requl foments 

' f ercln ,1urln « •■»"*« After exposure to the following environments. 

3.2. 5.4.1 Orbital Internal Environments 

3. 2. 3.4. 1.1 Temperature 18°C to 24° (65°F to 75°F) nominal- 15 fior 
5J 0 J? C (60 ° F to 85»F) 28 day degraded; 19.6°C to 32.,2°C <60°F to 
90 F) emergency; TBD during emergency dec on tam Inal on . 

lo^^no-rPr 2 ^ /“? t0 013 kPa < 14 - 5 “ i«-» p»u) 1.3 , 

10 kPa CIO torr) during emergency decontamination. 

?' 70 r' 4,1 ;? 0 oT^^ A ° c to 10 ° C dewpoints (40°F to 50°F) nominal- 
1.7 C to 21° C dewpoints (35°F to 70°F) 28 day degraded. 


3.2. 5.4. 1.4 Random Vibration 15-1000 0 .003 g 2 /Hz. 

1000-2000 0 -6 dB 1 oct. 

The structure shall be capable of operating without structure damage under 
these levels for 30 years. 


3. 2. 5. 4. 1.5 Acoustics Component acoustic output cannot exceed 


Leq (24) _ 70 dBA hearing conservation areas 
Leq (24) _ 50 dBA speech communication areas , 

Isolation provided if an Impulsive sound exceed 10 dB above the baseline 

W r 4ti °5; N ° T? Qd “ ay exceed 30 dB above the fcaseline specification 
levels regardless of duration. 


If acceptance level acoustic or vibration Is performed to a minimum level 

1 eve?*** 06 ^ 8 6 d ? <i k' m fr °“ thC flight env eloP*d levels, the qualification 
levels must exceed the accevptance levels by 6 dB. 


^•2.6 Transpo rtability The RPC shall comply with NHB 6000. 
3-3 Design and Construction 


•3.3.1 Parts, Materials, and 
be selected and controlled in 


Processes Parts, materials, and processes 
accordance with JSC 30233. 


shall 


3.3.1. 1 Electrical Conn ections Connections between wires shall be by 
pos tive, mechanically secure means such as crimped conductor splices 
connectors, or terminal boards. 


3 * 3 *J Electromagnetic Inte rference (EMI) The RPC shall meet the EMI 
requirments for Class A2 equipment specified in MIL-STD-461B . 

3. 3. 2.1 Electrical Bonding Bonding shall be In accordance with MIL-B-5087. 


( 


r 
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3.2.5 Environmental 
'l yna m ics requirements 
space station modules 


-wa* - V " i iimw ■ ■ " — ■ ■ ,.i r- — 

Requirements The following structural and environments 
muse be met for all components mounted Internally to 


1 


1 ) 


C. Ernsberger, "Guidelines for space station modules 
analysis , NASA MSFC memo ED22-85-40, 5 April 1986 


structural 


loads 


2) NASA components analysis branch, "Design and verification guidelines for 
vl rocoustlc and transient environments", NASA TM-86538, March 1986. 

3) a^» MSF ? SPaCC l tatlon P ro J ects office, "Space Station Program Definition 
and Requirements SS-SRD-0001, Sec. 30, 31 July 1986. 
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3 . 3 . 2 . 5 K I oc t. romag not lc Kuvlroruoent 
*nd after exposure Co elect roraagnet lc 


Kic RPC slull function normally during 
environment for class A2 equipment. 


Nameplates and Product Marking s 

3. 3. 3.1 Identi fication Identification and marking of the RPC, Its 
components, and parts shall be In accordance with MIL-STD-130. ’ Nameplates 
shall be used, where applicable. Components within the RPC shall be 
Identified by a part number and serial number assigned by the Supplier. 
Nameplates on the RPC shall Include at least the following information: 


( 


Manufacturer* s part number 
Approved nomenclature - (from 1.1) 

Controlling specification number - (from 1.2) 

Manufacturer's name or trademark 

Serial number - (Assigned by the Supplier as follows: The serial 

number shall consist of seven digits. The first three 
digits may be any combination of letters and digits 
provided the same combination Is used for all part 
numbers. The last four digits shall be numeric and 
shall be assigned consecutively beginning with 0001. 
Serial numbers shall be non-repetltive. ) 

Contract number - (as specified In the Procurement Agreement) 


3 . 3 . 3 . 1.1 Test Particles All Development RPC shall be permanently marked 
Not for Operational Use - Development Only". All Operational type RPC which 

are subjected to qualification testing shall be permanently marked "Not for 
Operational Use - Qualification Only". 

3. 3 .3. 1.2 Equipment Labels Labels shall be engraved or chemically etched on 
the TBD surface, or engraved staked metal plates may be used. Paper decals 
and rubber stamping shall not be used. Identification sleeving may be used on 
electrical cables. 


3.3 .3 .2 Electric al and Electronic Reference Designations Electrical and 
electronic reference designations for external electrical connectors shall be 

af f** ed the RPC ln accordance with the requirements of ANSI Y32.16 as 
modified by the Procurement Agreement. 

3.3.4 Workmanship The RPC shall be fabricated and finished in a thoroughly 
workmanlike manner. Particular attention shall be given to freedom from 
blemishes, defects, birrs, and sharp edges; accuracy of dimensions; radii of 
d ~~ e ^ s » 113 rking of parts; thoroughness of cleaning; quality of brazing, 
welding, riveting, painting and wiring; alignment of parts; and tightness and 
torqulng of fasteners. 


3 * 3 * 5 Intercha ngeability and Replaceablllty Assemblies, components, and 
parts having Identical part numbers shall, meet the requirements for an 
Interchangeable item as defined In 6.1.4 herein. Where Interchangeability Is 
not practicable, the requirements for a replacement Item as defined ln 6.1.5 
herein shall apply. 
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ItnrL ~ feCy ' Th * desI « n of che RPC Shall be such chat when Che equipment Is 
P^cauclon^ n T rC n; ° Perated - ° r - ln “ lned * accordance with applicable 
rlnZ itT’ t U J n0C Cause dama8e c ° Itself or to other equipment or 
. ^ ury ° or ^ detrimental to the health of personnel. Hazardous 
conditions and or precautions to be observed shall be marked In a manner 
easily observed by personnel. 

burst 1 ' rZT™ I eS ! e i\ S Press “ re vessels shall be designed to "leak before 
MIL-STD^1522 8 *** deSlgn and < » uallf Nation requirements of 

3 * 3 * 7 Human Performance /Human Engineering 

3 * 3 * 7,1 C rev Syst ems and Support Design of the RPC shall meet the 
requirements of MIL-STD-1472 and MSFC-STD-512. 

fasteners . Fasteners 6 hall meet the requirements of MSFC-STD-512, 
section 4.4. Force related to fasteners shall comply to NASA RP1024. 

3 * 3 ' 7 ** Acoustical Noise Limits (See 3.2. 5. 3. 1 . 5 ) 

g |y. rf aca Colors Surface colors shall be In accordance with 

STD-595 and MSC SC-M-0003, and shall be subject to Martin Marietta 
approval. 


•3-3.8 Structural Integrity 

(For definition of terms see Section 6 ) 


3. -. 8.1 Design The RPC shall be designed for the 
Halt load factors, and factors of safety: 


following design 


loads , 


3. 3. 8 . 1.1 Design Loads 


3.3. 8.1.2 L imit Load Factors 


Vertical (Zo) 

Longitudinal (Xo) 

Side (Yo) 

3.3.8. 1.3 Factors of Safety (FS) 


Liftoff 
+ 4.2 

+ 2.S/-4.9 
+ 5.4 


Ceneral Structures 

Yield FS lml 
Proof FS 1*1 
Ultimate FS 1*5 


Landing 


+ 8.2 +4.2 

+3.6 

+7.2 
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3 ' J ' 8 ''' _L ir >'. tl>s of Safety All st rue tur.rs s’wll me.-t clic requirement for Xv ro 
or pos rive margins of safety calculated In accordance with SS-SRD-OOO 1 Sh<- 
procedures. 

3 ; 3 ’ 8 ' 3 ^ lQ r b ! e Stresses Th e RPC shall be designed for material allowable 
stresses obtained as follows: le 

a. MIL-HDBK-5 

b. Appropriate tests or sources approved by Martin Marietta. 

The effects of temperature shall be accounted for In defining allowable 
material strength and properties. 

3 ; 3 ' 8 :^ A^Towable Deflections The deflections of the RPC shall be designed 
such that there are no permanent deformations during normal operations. 

?* 3 * 9 Positive-locking Devices Positive-locking screw-type hardware shall 
wlth^^WO^ RPC WhCre P racClcable * Safety wiring shall be In accordance 

3 - 3 - U Pensioning and Toleranclng For figures herein dimensions are in 
millimeters. Dimensioning and toleranclng are per ANSI Y14.5. Unless 
otherwise specified, tolerances on mechanical features shall be as specified 


( 


Linear 

Angles 


+ 30 Minutes 


X.XX 

x.x 
X 3 
X 3 


+ .25 

± - 75 

+ 1 

+ 2.5 


3 * 3 * 12 Product Cleanliness Surfaces of hardware shall be free of all visible 
contamination, such as fingerprints, particles, corrosion products, metal 
chips, scale, oil, grease, preservatives, adhesives and any other foreign 

V * sual 1 “ 8 P ectlon sha H be accomplished without magnification under 
good lighting conditions. Wipe tests, waterbreak tests, ultraviolet light 

Inspection, special lights and mirrors, are considered aids to visual 
inspection. 

Cleaned hardware shall be maintained in a clean area to nrevent 

recontamination until such time that It is packaged in clean double bags for 
shipment. * 

External and Internal surfaces shall meet the visually dean requirements 
described above. (Internal surfaces of fluid systems, l.e. valves, orifices, 

the’ demim*] ClCaned and verifled to the individual requirements detailed by 

The hardware shall be fabricated from materials that meet the material 
constraints of SP-R-0022A and cleaning procedures adequate to Insure Che 
removal of any process consumables used In the manufacture of the hardware 
shall be established. 
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3.3.13 Design for Test 


c. 


llth l'LMil ! ° nln|! ThC RPC shal1 be signed for compatibility 

? fault detection/ isolation system based upon the ability to 
confidently isolate faults. The ease or difficulty of fault isolation depend, 
o a arge extent upon the size and complexity of replaceable items The 
following testability Issues shall be considered fo/design ^rS^ning: 

are’asirnolr F 1 ^ 1 PartItlonln * The requirements for physical partitioning 

a * wfrh"^ lin ?V U f er ° f 1 “ t<!rface 0,7 interconnect points must be consistent 
the Interface capabilities of the proposed test equipment. 

b * l!oT P r C 1 t i C t 1, 1 C0Op0neilts longing to an Inherently large ambiguity 
group should be placed In the same package. ^ 7 

£-"£2? 11 “ lted ^ single design elements (such as only analog or 
" J, f . -* 1 circuitry), whenever practical, and when functional 
partitioning is not Impaired. 

i 3 ^ 1 - 2 j ^ 00 * 100 * 1 Partitioning Whenever possible, each function should 

%“ 1581 ' " pl “ elble ailt Isolation 

straightforward. If more than one function is placed on a replaceable item 

function! 8 S ^ *° * lloW f ° r the lnd *P*ndeht testing of each 

/ ' 

f'f Partitioning Whenever possible, the Item currently being 
^rfora She sa a ‘ t fl °“ lteBS aot tested that are redundant or 

£th, Hh.^ practical^ 00 * Pr °'' Isl »“ s b ' for opening of feedback 

points 'fn r ^f £ C Polflts ltea within the syatea shall have sufficient test 

Inherently ZllTJTTl ” « 1 * ul “ •* »»d.s so as to UuU. an 

shall'L LLf uJo"1he fou“^:' CC10 ° T '“ *«“ 

through^systeo/equlpaent^connectlons^* ^ COnnectlo » “ C “ C «<Iolp«ent 

b ' ttat deeradatto 11 5' « 1 « trl ‘=* lb y decoupled fro. test e,ulp.ent to assure 
connection to test e^lpH^ P« f °'™*0“ d °« »« occur as a result of 

c. Test points shall be selected with due consideration for test equipment 

issssis ^u c “ir.r„r “* bu ““ — 

d. Test points shall be selected to segregate functional partitions. 
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e. 


f. 


Test points shall be chosen such chat high voltage and current 

* r * c^sistent with safety requirements and are physically 
Isolated from low logic level signals. 7 7 

Test point measurements shall relate to a common equipment ground. 


3.3.13.6.1 Concurrent Concurrent (continuous) fault detection techniques 
(utilizing hardware redundancy) are used for monitoring chose functions which 
are mission critical or affect safety and where protection must be provided 
against the propagation of errors through the system. 


3.3.13.6.2 Periodic 
which provide backup 


Periodic testing Is used for monitoring those functions 
or standby capabilities or are not mission critical. 


3.3.13.6.3 On-demand On-demand testing Is used for monitoring those 
functions which require operator Interaction, sensor simulation, or which are 
not easily, safely, or cost-effectively initiated automatically. 


3.3.13.6.4 Maintenance Capability For each level of maintenance. 
Built-in-test (BIT), off-line automatic test and manual test capabilities 
shall be integrated to provide a consistent and complete maintenance 
capability. The degree of test automation shall be consistent with the 

proposed personnel skill levels and corrective and preventive maintenance 
requirements . * 

/ 

3 * 4 Supplier Do cumentation The Supplier shall furnish documentation in 
accordance with the Procurement Agreement. 
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J> *.'< 'a i . I t y ass:;haiVo: provisions 

ts SsSr " m a =S"-s* 

gru; ^p^ r ^«"" X"ri*r*s. 

siterii £ESC^15^ 

5^r»^— SS^SKSr 1 

Agreement. The Supplier may monitor these task^at his option aTI^n 
accept the result, of so, test, which have boon pcrfor.c7 ‘^ccord.^ with 

^^r^'thT^ri:;* 11 b * 

assurance re,ulre.e„cs defined in the Procurenent Agreed ’ 

dips 3 pr ^-r 1 to < 1he 1 °tl^ c""' 1 ” b “ y " ^ »' »°tifled 10 

Marietta reserves "£ * • ddl ' 1 ™- 

test^p r o gram 1> cootrols? 0tr03S ^ Sup ' ,U ' r shaU ^corporate the followlnj 

hi^s s p e c Ttled C jn S H^S 7 -ft U c^ ne ? r F f Clllty ind <»I»lp»ent requirenents shall 

spe^lfl.d Tg - ^^T^t^r”!^ reporting shall be as 

accordance^ wl th°M-6?^15 C |e^ tlon S 6. dQCU ' nentaCi0n eM11 b ' *- 

herein shall be* i^accordanc^ui t^rhe I ° p ^° en ^ 3tion of the test requlrenents 
specified in M-67-45 d , t * ie ^tailed test methods and conditions 

r,r,lli r M-67-45. Requests for any deviations from M-67-45 deemed 

preparedly the Supplier^d^ M * rti 5 ^ arletta * ^ test procedure shall be 
t he's tar t of ^ny^ tests ? r " Martln Marletta in ^^6 prior to 


r. 
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a. 


b. 


.7" ltV ^ ,n f ornur| c«-- W‘--il tc.Htloa - The requirements of Section 3 herein 
} ° Veriflcd b y combination of inspection, demonstration, analysis and 

satisfy thl^ren i ' icflnes the verification requirements that shall be used to 

performance 1" SecCl °" 3 ’ In “Mi'ion. functional and 

I formance tests shall be conducted In the testing sequence (Tables II and 
III) to evaluate the effects of testing. 

4 * 2,1 Verifica tion Methods The following methods shall be used: 

Inspection Inspection Is a method of verification consisting of 
investigation, without the use of special laboratory appliances or 
procedures, to determine compliance with requirements. Inspection is 
nondestructive and Includes (but Is not limited to) visual examination 
simple physical manipulation, gauging, and measurement. 

demonstration Demonstration Is a method of verification that Is limited 
to readily observable functional operation to determine compliance with 
requirements This method may not require the use of special equipment or 
sophisticated instrumentation. 

Analysis Analysis is a method of verification taking the form of the 
processing of accumulated results and conclusions, intended to provide 
proof that verification of a requirement or requirements has been 
accomplished. The analytical results may be based on engineering studv, 
compilation or interpretation of existing Information, similarity to 
previously verified requirements, or derived from lower level 
examinations, tests, demonstrations, or analyses. Submittal of analysis 
data shall be as required in the Procurement Agreement. 

d * T~r . T , eSt ,t S * Bethod of verification that employs technical means 
including (but not limited to) the evaluation of functional 
c racteristics by use of special equipment or instrumentation, simulation 
techniques, and the application of established principles and procedures 
to determine compliance with requirements. 

by Slmllarit T when qualification by similarity to a 
P h 2*f allfied ite “ is proposed by the supplier such qualifications 

b V? bjC u t C ° MarCln Marletta approval and shall meet the requirements 
specif led in the Procurement Agreement. 


c. 


4-2.2 Test Category Definitions 


a. 


D evelopment Tests Development testing is a test or series of tests 
conducted to evaluate and confirm the feasibility of the design approach 
and provide confidence in the ability of the hardware to meet 
qualification and acceptance requirements. Tests shall be performed 
primarily to acquire data to support the design and development process. 
The development hardware should be representative of, but not necessarily 
Identical to, production hardware. 


( 
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•>. Acceptance Tests Acceptance tests are t tie required form., 1 tests conducted 
IViZS -ceptat.il uv Of an , ten for delivery. Acceptance tests 
tests Thfc Performance, functional and acceptance level environmental 
d f ' . « Clng * s co nd‘'Cted to detect manufacturing flaws and 

defects that may not be detected by other Inspection -techniques. 

acceptance tests shall be performed on each production and qualification 

C ’ TeStS Qualiflcacl °" (certification) tests are formal 

manu^rr 113 ! denon f rations that the design. Implementation, and 
sn^fflr , 8 " eth ° ds resulted In hardware conforming to 

at Lve^s i^ nriSSrr* quallflcatlon tesCs are us ^ conducted 

«. xeveis and for durations that assure the production items will 

0 ^allff Ct H rily K iQ ^ the USC envirora,enCs with sufficient margin. 

I?? , h4rdwr * Is fabricated to production equipment drawings 
g pecified materials and production methods and shall be 
representative of deliverable production hardware. Qualification testing 

*'•>'*•* ted « of the total verification process*of°the*de sign 
and fabrication compliance. aesign 

4.2.3 Test Type 

Test T J e operating test that verifies all functions and 

perfo™an^e re tests ra mavV S * *** ^ deslgn s P<**«cation. All 

1 t Y bC conducted at laboratory ambient conditions 

accepI^Tari^alm m COnduCted at the start aad conclusion of* the 
acceptance and qualification test program. 

b. f unctional Test The operating test that is normally a subset of the 

th* uSt DC li <:eSt requlr * ng mi oi“al operation to verify proper operation of 

Ifte^ch 1 e 3 < teSt ' T ? eSe CCStS Sha11 con *iucted before, during! a* 
after each environmental test as defined herein. Functional tests shall 

e*po^uin::^,e alor L tory a " bienc « the ^111,11 shau 

exposure conditions when specified. 

^ *3 Test Requirements 

s r_ 

specified in the Procur^ng*^ stau'LloZe^^Tuh.U^d to 
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process, the test s l» J intended to he used as part of the verification 
Procurement Agreement shall^ applied. 3 '^ C, ' C CeSt controls specified In the 

shall be^ conducted ^n 'L ch^rod^tl g *1' Specifled ln Tab ^s I and II 

Performance and acceptance testl^r°f ^ * ach quallf Icatlon test unit, 

be performed with validated coowuter rn ® ras req “ lrln S computer control shall 
approved simulation thereof Opera t ion "wl^h S ° ftWaCC or a Martln Marietta 

Martin Marietta shall be a edition of accoptlZTtlstT^ 1 to 

verification wlth^ar^raphs^^ 8 Verlfy or su PP° rt 

shall be as listed In TaW.TT « \ The sequeace of testing 

Table II in accordance with paragraph 4.2.3, herein. 

compliance with paragraphs be perfon>ed to demonstrate 

subparigraph^? ' *“ environmental test as defined la 4.3.2 .3 and 

co^iL'te d -7 Ro r r™o"th« full e^^T, ’ “ def ‘^ 4h.ll be 

envl ronmental t elt . ! (£ } £“ *“" c ° m <‘ U “°° ° f H 

L h “": rr, l zi:. b : 

p semt * c ” up - 1 — - 

Identified rr iee^utyTro"* 1 TeS1: C »"P»“»« (sub.ss.mbHes) 

with Paragraph 8.3 of h- 67 - 45 ^ui r 1 *° Ylronae,lt shall be reared In accordance 

below. ° f M -« 7 - 45 . «<* the temperature llnlra and durations noted 

shall te^ubrn-cSd^/rL^l rf “S 10 ° C 8»*l«lcation margin 
In par.. 3 .2?£! “ h^!n. ‘ “ <“ltti=.«on Unit, defined 

f1rs e t %£T£r m “ ld - a - as ^ P ^« qt ui a «d 2 i°n U the Wel1 

start shall be required in the l«t 8tablll2atlon wlth * hot 

J.3 .2 .3.1.3 Stabilizat ion of Test Tempe r a r„r-» The test unit a 

tII^^S» t Si"^o“^ll*J“ blll “ d Prl ° r t0 the 8tart of the 

readings of all central 

of the specified temperature for 3 consecutive reading: ^^en S -inutes 
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' r \’ r ^ ,' mUs tkm 13. k,. no pounds >. sea hi 1 ization shall he 

«iihln e 2 C, i"(?Op Shc ; d r' ,en 3 *«"*<*« ivo read ings taken 5 minutes apart are 
. . < F) of the specified Cempcnturc. During thermal cvcllng 

sensw e r ra T eS S ^ U * roeaf;ured a .Inin, of two tempera^ 

of riT\ l0Cated ln t,,e free airflow, within 12.7 cm of opposite sides 

test unit. Baseplate temperatures shall be measured using a minimum of 
temperature sensing devices located at opposite sides of the thermal 
Interface. Temperature of the test unit shall be measured using a minimum of 
of '" Pe ; at ; tt sensing devices located as near as possible to the mass center 

shall bear'd °n In ? c J ennal ^cuum testing, temperature sensing devices 
shall be placed on all chamber walls and doors as well as the baseplate to 

arLrJ SCabi J- 1 “^ lon * Application of temperature stabilization shall be in 
accordance with Paragraph 8.3 (thermal vacuum) and 8.4 (thermal cyclingl of 

4.3. 2 .3. 2 Acceptance Thermal Cycle Test The RPC shall be tested in 

duraM n“ Ce Para 8 ra P b of M-67-45 with the temperature limit and 

ation exception noted below. Functional testing shall be limited to a ore 

durini^the^h fUn J tAona * test plus Periodic abbreviated functional tests 
during the thermal cycling test to verify performance. 

iihe'i'Va 1 * - Tem P^ rature Limits The 10°C qualification margin shall be 
acted from the maximum and minimum qualification limits defined in 

r^; 3 ; 2 ; 5 : 1 * 1 hereia * The stabilization requirements of paragraph 
• 3. 2. 3. 1.3 also apply to this test, 

/ 

4. 3. 2. 3. 2. 2 Test Duration A minimum of 8 thermal cycles are reouir^H 

n<>t Che ™ al VacuuB tes ted. For component level acceptance tests 

c^Tte« C s"^°L t ll^ 1 Cy % 16 “!'* “* <*•' »-th P . For tLLl 

minimum nf ? dve1 ^ times at maximum and minimum temperatures shall be a 

SSr “is.-* 

«Uh^«;Lr ^1!T ! L t !i^?ir br * tl0n - . II ” RPC ,l “ U •* “»“<> ln .ccordonce 

SDerlfJIfw u ? 5 l ,C * pt Chat the «•« shall be those 

test ch 11 y n ^ arietta * ^ le duration of the acceptance random vibration 

«is ^ LL°?iL St i° f a \° nillUte eXPOSUre ln each of th. three orthogonal 
testitut in^l ^ *** perforned prlor to and after completion of 

accel^a^on L ” eS ' spectral density plots of the input 

acceleration and cross-axes response shall be provided. 

for pressure^a nd Preasure/Leak Test The RPC shall be acceptance tested 

8 11 of M^7 J? r^ 8e /° a ^ C ,°f dance wlt h the respective Paragraphs 8.12 and 
8.11 of M-67-45. Batteries shall be tested at the cell level only. 

CeP ! anCe Wglght Measuremen t After completion of the acceptance 
u^ 1 e ^ iron “ e ° Cal tests, a weight measurement test shall be performed on the 
* e we g t of the unit shall be measured in a condition nearly 
equivalent to the launch manifest configuration. The equipment status at the 

weight 0 ' f r :;:r ent sha11 logged arei shan a ^ f £ ^ 0 s. e !s, 
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^ept ance Run-in-Test Mechanical and electromechanical components 
and /Subassemblies shall be mechanically cycled In accordance with Paragraph ( 

4 * 3 * 3 Qualification Tests - Qualification tests shall be performed on each 
test unit as specified In Tables I and III. Test articles shall be the same 
configuration as the production hardware. Successful completion of 
inspections and acceptance tests of Section 4 shall be a prerequisite to each 
test unit entering qualification test. 

4 ’ 3 * 3,1 f erformance Tests The same test conditions specified In paragraph 

4. 3. 2.1 shall apply using the test sequence listed In Table III. With Martin 
Marietta approval, the final acceptance performance test may serve as the 
pre-quallficatlon performance test. 

4 *- 3 * 3 * 2 Functional Tests Functional tests shall be performed to demonstrate 
compliance with paragraphs 3.2.1, and 3.3.2. The order of testing the 
functional parameters shall be as listed In Tables I and III. These tests 
shall be conducted before, [during J, and after each environmental test as 
defined in 4. 3. 3. 3 and subparagraphs. 

4. 3. 3. 3 Environmental tests Environmental tests shall be performed in the 
sequence shown in Table III. 

4. 3 .3. 3.1 Qiallflcatlon Thermal Vacuum Test Components Identified as 
sensitive to a vacuum environment shall be tested in' accordance with Paragraph 

6.3 of M-67-45. With the temperature limits and durations noted below. 

4. 3. 3. 3. 1.1 Qualification Test Temperature Limits Test temperature limits l 

are determined by the type of thermal control system employed. 

*• Passive Thermal Control The maximum predicted plus 21°C and the minimum 
predicted minus 21°C. 

k* Active Thermal Control (applicable to coldplate mounted Items) The 
maximum predicted plus 21°C and the minimum predicted minus 10°C . 

4. 3. 3. 3. 1.2 Qualification Test Durations A minimum of 8 ther mal vacuum 
cycles are required on vacuum sensitive components. The dwell times at 
maximum and minimum temperatures shall be a minimum of 2 hours after 
temperature stabilization except that a 12 hour cold dwell after temperature 
stabilization with a cold start shall be required in the first cycle and a 12 
hour hot dwell after temperature stabilization with a hot start shall be 
required in the last cycle. 
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oj'h' 3 ' 1 ,' 3 ^ ht Uz ' lCton of Qualification Test Temperatur e The test unit 

Che t^sT t :S^ rCe " P !» CUre Sh3U g Prior to the «Irt of 

readings "of all cen^l^ 1 Mtl °" sha11 b ® consldered established when the 
nF rh R , C 1 temperature sensing devices are within 1.7°C (3°F) 

apart 6 ^nr tes^ te ' nperature for 3 consecutive readings taken 5 minutes 

considered estabMsh H * 13 * & kg °° P ° Unds) * stabilization shall be 

within 2 8<>C ffo^ h ? d el! hen 3 consecutlve readings taken 5 minutes apart are 
.l. . *® C (5 F) of the specified temperature. During thermal cycling 

chamber temperatures shall be measured using a minimum of two temperature 

of ti : 8 t /r 1Ce f 1<5C ^ ted ln the free airflow, within 12.7 cm of opposite sides 
j s unic# Baseplate temperatures shall be measured usinc a minimum of 

„::r ratur : sens1 "* deYi " s !•«««• « o P p,«it. „ dt , ” 

2 .:f th v“ c r c sh * u *■ «-•-* tel. «, 

ce peracure sensing devices located as near as possible to the mass 

shall b^placed^n all ^ ‘b* 0113 \ J estln8 ’ tenperature sensing devices 

pxacea on all chamber walls and doors as w*»ll ao i 

accordance ^wlt^Paragr of . Ce " perature stabilization sSll be ‘in 

Mccordance with Paragraph 8.3 (thermal vacuum) and 8.4 (thermal cycling) of 


t: 3 'l; 3 ‘ 2 % allflCatl0n C ycle Test Components shall be tested In 

accordance *th Paragraph 8.4 of M-67-45 with the temperature limiSai 

performed d°rl tt° W ‘ , ?erl ° dic abbreviated functional testing shall be 
p rformed during thermal cycling test to verify performance. 


Same as for thermal vacuum in 


4. 3. 3. 3. 2.1 Qualification Tempera ture Limits 

Paragraph 4.373.3.1.1 herein. 

4. 3. 3. 3. 2. 2 Qualification Test Durations 

' hidi — — *<— i 

i- 3 - 3 -?- 2 * 2 - 2 Components Not Vacuum Sensitive Components that are not 

- 8 . tta - * c 

rEiS 1 * r ~ ^«£w=rr„ 

required IntJeu" “ST'”* «*<* • ».t stert shell be 

B:f£ ssi s 

representative C of P l > r entS ^ * attaChed to a rl * ld test «««re 

plots f of r th 0 “i leCl0n ° f testl “ 8 ^ all C three L «es! ^ier^p^tr^rdensl^y ‘ 
e nput acceleration and cross-axis response shall be provided^ 
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4. 3. 3. 3. 4 Quail f lcat Ion Accelcatlon Test 


Ration Pressure/Leak Test As applicable, components shall 
* a i V* *“ accordance with Paragraphs 8.12 and 8.11 of M-67-45 for pressure 
and leak tests respectively. Batteries shall be tested at the cell level only 


( 


Qualificati on EMC Test The electromagnetic Interference 
characteristics (emission and susceptibility) of the components 
(subassemblies) shall be tested In accordance with Paragraph 8.35 of M-67-45. 

M^67^45* 7 — TgSt L±fe testln « sha11 ■•»* « specified In Paragraph 8.36 of 


4 * 3 * 3 * 3 - 8 To»lclty Tests The RPC shall be tested as specified in TBS. 

4 * 3 * 3 * 3 * 9 Audible Noise Measurements The RPC shall be tested for emitted 
audible noise as specified in TBS. 


4 * 3 *^ ^ ert ^^^ cat l°° The hardware represented by this document shall be 
certified relative to the Section 3.0 requirements herein. The supplier shall 

provide documentation to support certification as specified' in the Procurement 
Agreement. 


( 

V 


ORIGINAL 
0f poor 


/$ 

Quality 
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^ «0 PREPARATION FOR DELIVERY 

eVeh^^™^"^ deUV " y S '“ U b ' -Id. the tecs 

MIL- STD-1 29^ F ° r Shi P nent - Marking for shlpoenC shall be in accordance with 
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6 * 1 <>«?f In it Ions 


Agreement!^ ^ Suppller ls tl,e organization awarded the Procurement 

MarIetta 

purcLs^ rdIr?‘su^ontrrir o^theTr'""" A8r """ lt l * the written 
purchase, as agreed by Martin Marietta and^h*^ ° f purchase or intent to 
negotiated changes or revisions thereto The*?^^^’/^ 10 * 11118 any wrltCen 
supplement the following paragraphs of this DraJtag wil1 


2.1 

3. 3. 3.1 

3. 3. 3. 2 
3.4 

4.1.1 

4.1.2 

4. 1.4.1 
4.2.1.C 

4.2.1. 1 

4.3.1 

5.1 


RevlsI<,n utt * r " ■>»« 

Electrical and electronic reference designations 

Supplier Documentation 

Responsibility for Tests 

Quality Assurance Requirements 

F*cllltles and Equipment 

Analysis 

Qualification by Similarity 
Development Tests 
Preparation for Delivery 


an <? Physical characteristic^ a^to te^qui^lenJ 'i" 8 P °* SeSS such fu ^tional 
and are capable of being exchanged « r * J * in performance and durability 
lte„ s themselves „ r of fdJol„“g lte£ ,’' Uh0,,t of the 

selection for fit or performancf the ill P *5 ad ** st “ent, and without 
Interchangeable items are manufactured 5S ^ ^Jerchangeable. 
require only the application of a " d 

another~l"tem, but^hiS differs^SsiLll f “ nctlo “ all y Interchangeable with 
Installation of the replaceable f T ** ori * inal P*rt in that the 
joe-lng, cutting, fuing, .hlnatag. .c?* iTaSEE'T T* “ drllU "«. 

^ce^te.. 

requite alteration of the f terns in aldttlo'u .“LT^ .T.^nt 

5C5-; « ~ 

self-contalned” t uhlch°”erfolir i a 0 dlJtl' :S M' i * V i CeS *" d stn, o c “res. usually 
overall equipment , e. g P ? a -Uac k Jo'- ' tlV ' f “ nCtl °" l " op« ra tlo„ of the 
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nlithf F * 1 1 “ ~ — Tll ° oper;,tIn S &»Uure rate represents a 
mathematlcai combination of failure rates associated with a part's failure 

raJe S ls an^lvM ° peraClonal sequence. The operating failure 

rate Is analytically determined. 

6*1.9 Launch Manifest Configuration TBS. 

asslihi - lmlt FacCors A load factor is a ratio by which the mass of an 

action on°the a s tm e r al 1S mu * Clplled ln order Co obtain the limit load 

action on the structure or a part thereof. ^ 

t - * . 

Limit Load Limit load is the 'maximum load or force expected in 
service for . partlclsr design condition end Includes the effects of dynsnics. 

the rte ld^far I« 1»«1 to the Unit losd nultlplied by 

geneX JleuSe It VL V I"' yUld lo * d “ th * ( lo * d « »r be loo vhich 
general yielding of the structure must not occur. 

by 1 ^ IL L tl mate Load The ultimate load is equal to the limit load multiplied 

shall not i * facCOr . ' °f safet y- Rupture or complete structural collapse 
shall not occur at or below ultimate load. H 

the * proo7 ~<iif ^° a l ThC Pr0 ° f load is *9 ual to fhe limit load multiplied by 
assume tLl lVJ fa r° r * The Pr °° f load 8ha11 be ^ sufficient magnitude to 
throughout its sL" ce^i^ 1 " limlt M COnditi< ? s - as required, 

to ^cco u l ^tor sligh^vl rtltl fa f C ° r ? f safet y ls a » arbitrary factor intended 
deans f„re^n!l f a ^ iCea t0 lten ln fabrication quality and 

dSiir^rc^hf 1 '"^' 100 th ' *» d »-4u. 

niid 15 « linr 2 ^ ruu factor of saf.ty 1. the ratio of 

r«;o 15 ;f ^ • ati "“ -*** ^ *• 

P^L^r fiMHoad! Saf " Y *■ is the ratio of 

f**' 1 * Ii eld Strength Yield strength (stress) is the stress at which a 
structural material exhibits a 0.2 percent permanent deformation 

6.1.17 jgtlmate Strength Ultimate strength (stress) is the maximum stress 
hich a structural material exhibits prior to material rupture or other 
failure mechanism of the material. P or other 

6 ; 1 * 18 0£ bltal Replaceable Unit (ORU) Orbital Replaceable units are hardware 

isolation r SC “ ableS Remote A ^ 0 "«tic fault detection/ fault 

elation, removal, replacement and checkout by organizational maintenance 
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6.1.19 Circuit Iso I at Ion The lntecc 1 rcu 1 1 Isolation requirement applies 
between functional electrical circuits which Interface between two 
equipments. The requirement applies over the operating frequency range of the 
circuits . 


6.1.20 Electrical Circuit Reference Connection For the purpose of the 
circuit to reference connection requirement, an electrical circuit is defined 
as a functional electrical connection between two equipments. 

i *i ' . 4 . 

6.1.21 Electrical Reference All conductive parts which are not part of 
functional electrical circuits are bonded together to form an electrical 
reference. The electrical reference is not used for the conduction of 
functional current, except for vehicle lighting* v 

6*2 Abbreviations and Acronyms Unless otherwise defined, abbreviations are 
in accordance with MIL- STD-12 and acronyms are as follows: 

EM - Electromagnetic 

EMI - Electromagnetic Interference 

EMP - Electromagnetic Pulse 

FS - Factor of Safety 

MTBF - Mean Time Between Failure 

MTTR - Mean Time To Repair 

ORU - Orbit Replaceable Unit ' 

PM&P - Parts, Materials, and Processes 
RFP - Request For Proposal 1 

TBD - To Be . Determined by Supplier 
TBS - To Be Supplied by Martin Marietta/ : 

6.3 Deviations Deviations to this Drawing will be allowed only be written 
authorization from Martin Marietta followed by a revision to this Drawing. 

6.4 Authorized Representative No representative of Martin Marietta other 
than the assigned buyer or his superiors will be empowered to make any 
commitments for Martin Marietta. 

6.5 Correspondence and Data All correspondence regarding requirements set 
forth herein is to be addressed to Martin Marietta, attention of the assigned 
buyer. All data is to be similarly addressed. 
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SERIAL DATA FORMAT 


BIT 

SWITCHED ON 

SWITCHED TRIPPED 

15 (MSB) 

SWITCH ON (3) 

SWITCH ON (3) 

14 

SELF-TEST (2) 

SELF-TEST (2) 

13 

SEQ. DATA 2 (4) 

SPARE 

12 

SEQ. DATA l (4) 

SPARE 

11 

OVER— TEMPERATURE (present) 

OVER-TEMPERATURE (prsent) 

10 

SPARE 

SPARE 

9 

SPARE 

SPARE 

a 

CURENT OVER-RANGE 

OVER TEMPERATURE (1 atch) 

7 

CURRENT (MSB) 

TRIPPED/CROUND FAULT 

6 

CURRENT 

TRIPPED/UNDERVOLTAGE 

5 

CURRENT 

TRIPPED/OVERCURRENT 

4 

CURRENT 

SPARE 

3 

CURRENT 

SPARE 

2 

CURRENT 

SPARE 

1 

CURRENT (LSB) 

SPARE ‘ 

0 (LSB) 

PARITY (ODD) 

PARITY (ODD) 


NOTES : 


(1) 

Set 

to 

(2) 

Set 

to 

(3) 

Set 

to 


If ^ tl 
If ^ *f 
II I If 


when current is 100Z. 

when switch fai ls~Tnternal self-test. 

when switch is not tripped. 


TABLE 5 
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RPC RAT1NCS 


Iceni 

1 

1 Curreac 
1 Racing 

i 

Overload (l) 
Trip (Min) 

— 

1 Fault (2) 
Trip (Max 

i 

i 

1 2.5 A 

1 

2. ?5A 

10.75A 

2 

1 5 A 

1 

5.5 A 

21.5 A 

3 

1 

1 15 A 

1 1 

16.5 A 

64.5 A 

4 

1 25 A I 

1 1 

1 27.5 A 

107.5 A 


I Current 


Max On-State 
Power Diss. 


5 W 
10 W 
30 W 
50 W 


(1) Refer to Fig. I 

(2) SMS Max. 


t 

TABLE 6 
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TABLE I 


VERIFICATION REQUIREMENTS CHECK LIST 


VERIFICATION METHOO 


DESIGN REQUIREMENTS 


NOTE: PARAGRAPH REFERENCE 
INCLUDES SUBPARAGRAPHS. 


3 REQUIREMENTS 


3.1 ITEM DEFINITION 


3.2 CHARACTERISTICS 


3.2.1 PERFORMANCE CHAR.S 


3.2.1. 1 POWER 


3.2.1. 1.1 POWER INPUT 


3.2.1 .1.1.1 POWER CONSUMPTION 


3.2. 1.2 POWER SWITCH 


3-2.1. 3 TRIP CHARACTERISTICS 


3.2.1. 3.1 OVERLOAD 


3.2.1 .3.2 INITIAL TURN-ON 


3.2. 1.3.3 LOAD FAULTS 


.2. 1.3.4 RESET 


3.2.1.3.5 GROUND FAULT 


3.2.1. 3.6 POWER SUPPLY SURGES 


3.2. 1.3.7 POWER SUPPLY BLACKOUT 


3.2.1. 4 CONTROL CIRCUITS 


3.2. 1.4.1 LOGIC LEVELS 


3. 2. 1.4.1 ON/OFF CONTROL INPUT 


3.2. 1.4.4 DATA ENABLE 


3.2. 1.4.5 CLOCK 


3.2.1 .4.6 SMART CONTACTOR ENABLE 


3.2.1 .4.7 LOAO ISOLATION/CONTACT 


OR COIL DRIVE AND POSITION 


3.2 .1.5 MONITOR CIRCUITS 


TEST REQUIREMENTS 


NOTE: PARAGRAPH 
REFERENCE INCLUDES 
SUBPARAGRAPHS 







TABLE I 


VERIFICATION REQUIREMENTS CHECK LIST 


VERIFICATION METHOD 


DESIGN REQUIREMENTS 


NOTE: PARAGRAPH REFERENCE 
INCLUDES SUBPARAGRAPHS. 


3.2. 1.5.1 LOGIC LEVELS 


3.2.1 .5.2 STATUS DISCRETE 


3.2. 1.6 RPC LOAOS 


3.2.2 PYSICAL CHARACTERISTICS 


3.2.3 RELIABILITY 


3.2.4 MAINTAINABILITY 


3.2.5 ENVIRONMENTS REQUIREMENT 


3.2.5. 1 GROUND STORAGE 


TRANSPORTATION AND HANDLING 


3.2.5.2 GROUND OPERATION ENVIR. 


3.2. 5. 3 LAUNCH AND DESCENT ENVIR. 


3.2.5.4 ORBITAL OPERATION ENVIR. 


3.2.6 TRANSPORTABILITY 


3.3 DESIGN AND CONSTRUCTION 


.2 ELECTROMAGNETIC 


INTERFERENCE (EMI). 


3.3.3 NAMEPLATES AND PRODUCT 


MARKINGS 


3.3.4 WORKMANSHIP 


3.3.5 INTERCHANGEABILITY AND 


REPLACEABLILITY 


3.3.6 SAFETY 


3.3.7 HUMAND PERFORMANCE/ 


HUMAN ENGINEERING 


.3.3.8 STRUCTURAL INTEGRITY 
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TABLE I 

VERIFICATION REQUIREMENTS CHECK LIST 


VERIFICATION METHOO 


DESIGN REQUIREMENTS 


NOTE: PARAGRAPH REFERENCE 
INCLUDES SUBPARAGRAPHS. 


3.3.9 POSITIVE - LOCKING DEVICES 


3.3.11 DIMENSIONING AND TOLERANCE 


3.3.12 PROOUCT CLEANLINESS 


TEST REQUIREMENTS 


NOTE: PARAGRAPH 
REFERENCE INCLUDES 
SUBPARAGRAPHS 
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RPC POWER SWITCH PLUS OVERTEMP. DETECTOR 
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FIGURE 4. OFFLINE BRIDGE LOADING OF RPC 
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APPENDIX IV 

10 kW DC Remote Controlled Circuit Breaker fRCCB) Product Control Drawing 

This product control drawing was developed for Martin Marietta by Teledyne Solid State 
Products. This document provides basic specifications for the DC RCCB power stage. 


APPENDIX IV 


1 




OXlQimi is 

OF POOR QU A' JTY revisions 































PRODUCT CONTROL DRAWING 
66.7 AMP REMOTE POVER CONTROLLER 
: PRELIMINARY DATA 


1.0 SCOPE : 


This document describes * 66.7 A, '150 VDC remote power controller brass board 
for Martin Marietta. This brass board is constructed on a Eurocard format. 
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2-3 Short Circuit Protection . 

2 . 3.1 The RPC will not be damaged by a short on the load during normal 
operation or by being turned-on into a shorted load. 
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APPENDIX V 

DC-400 Hz Load Converter Report 

This report was produced as part of the previously deleted task of designing and 
breadboarding a DC-400 Hz load converter power supply. 
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EQUIPMENT LIST 


EQUIPMENT TYPE 

I.D. NUMBER 

CAL DUE DATE 

Power supply 6227B 
Hewlett Packard 

541812 

Ref. only 

Power supply LR 602 
Lambda 

529233 

Ref. only 

Power supply LPD 421 
Lambda 

542232 

Ref. only 

Function generator 3325A 
Hewlett Packard 

551204 

1-21-90 

Oscilloscope 2465 
Tektronix 

550365 

9-23-90 

Oscilloscope 2430A 
Tektronix 

556079 

2-18-90 

Current probe A6302 
Tektronix 

547332 

2-25-90 

Current probe A6302 
Tektronix 

152730 

3-1 8-90 

Probe amplifier AM503 
Tektronix 

550731 

2-18-90 

Probe amplifier AM503 
Tektronix 

536395 

5-6-90 

Power module TM501 
Tektronix 

547330 

Ref. only 

Power module TM501 
Tektronix 

540396 

Ref. only 

Freq. response analyzer 
Venable Ind. 5060 

555474 

Ref. only 

Digital multimeter 193 
Kiethley 

552442 

10-8-89 



EQUIPMENT LIST (cont.) 
EQUIPMENT TYPE 


I.D. NUMBER 


CAL DUE DATE 


Network analyzer 3577a 561848 Ref. only 

Hewlett Packard 

Digital multimeter 87 153474 12-10-89 





SCOPE 


This report is intended to describe and assess the Network Topology Program 
Load Converter Breadboard test effort as it applies to proving the concept of the 
topology selected for the Load Converter. Also test data is presented with the 
intent of verifying compliance with Load Converter Design Goals .^ e |j 8 

0251) on a down-scaled basis. Additional test data are given which do not 
neccessarily relate to specific design goals but are of interest with respect to 
power converters in general. Following the test data presentation a 
summary/conclusion is given and finally recommendations for improvement of 
the design are given. An appendix is included which provides engineering 
drawings, parts list, and data sheets. 
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FUCTIONAL DESCRIPTION 


The Load Converter breadboard produces regulated sinusoidal AC output power 
from unregulated DC input power. The circuit consists of five functional blocks: 
pulse width modulator, drive stage, power stage, output stage, and feedback. 

The pulse width modulator consists of an SGI 524 PWM control chip. This 
chip contains a +5V reference, sawtooth oscillator, pulse width modulator with 
pulse metering and steering logic, and two complimentary open collector output 
drivers. A current limit circuit is also contained in the chip which is not used 
on the breadboard. Implementation of this function would be relatively 
fundamental and also desireable. 

An external sinusoidal 400 Hz reference is fed into the error amplifier 
through a differential amplifier buffer. This signal and the power output 
voltage waveform are integrated through the error amplifier and the resultant 
signal is fed directly to the PWM. In the PWM chip the error signal is compared 
to the internally generated sawtooth oscillator signal. The result of this 
comparison is a pulse width modulated 400Hz sine wave. This signal is fed 
within the PWM chip to the output drivers. 

The output drivers of the PWM chip are wire OR'ed to allow a duty cycle range 
of 0 to 100 per cent. A 74LS04 Hex Inverter chip is then utilized to produce 
complimentary full range (0 to 100%) signals. These complimentary signals are 
then fed to the gate drive stage of the circuit. 

The gate drive stage of the breadboard consists of a DS0056 dual CMOS clock 
driver chip. This chip is designed to distribute high frequency clock signals to 
a large number of CMOS devices and is therefore ideal for driving a capacitive 
load such as a power MOSFET gate. The output of the driver chip is connected to 
the gate of the MOSFET through a 10 ohm resistor. The resistor limits current 
to and from the MOSFET gate and damps resonant LC circuit effects. The 
DS0056 driver greatly simplifies the gate drive design and helps keep the parts 
count low. 

The power stage is composed of two power MOSFETs switching in 
complimentary fashion, and a power transformer with center tapped primary. 
The MOSFETs and power transformer are connected in a two-switch forward 
configuration as opposed to push-pull. Snubbers are utilized across each 
MOSFETs drain and source to minimize voltage spikes on the MOSFET drain with 
respect to ground. Pulse metering logic within the PWM chip assures a certain 
dead time is present between the two complimentary switching waveforms. 

This prevents both MOSFETs from turning on simultaneously which would 
effectively short the input power line to ground. 



FUNCTIONAL DESCRIPTION (cont.) 


The output consists of an LC low pass filter which has a comer frequency of 
5kHz. This filter effectively attenuates switching frequency (77kHz) nois 
only Since the synthesized (pulse width modulated) sine wave output of the 
power stage very closely resembles (harmonically) the precision sine wave 
reference there are no odd harmonics of the 400Hz fundamentals in a square 
wave, to attenuate. This means the output filter components may be kept 

relatively small. 

For feedback the output is sensed directly through a single operational 
amplifier differential amplifier which commutates an attenuated output voltage 
from the secondary or output to the primary or input side. The breadb 
design allows approximate 2.5k ohms of isolation between input and output. 
Relatively low values of resistance were used due to mavailability of high 
precision 7 high resistance parts. The output of this circuit is fed to the error 
amplifier where the cycle described here begins again. 

The houskeeping power for the breadboard and the sine wave reference were 
implemented with bench test equipment. Design of these circuits is not viewed 

as insurmountable. 



RECOMMENDATIONS 


Upon completion of Load Converter breadboard test a list of recommendations 
has been compiled. The following is a digest of that information. Along with 
each recommendation is given the reason or rationale for the recommended 
change. 

The addition of a DC servo loop to keep the power transformer balanced must 
be investigated. This idea formulated when it was noticed that distortion of 
the output voltage waveform increased when the frequency response analyzer 
was inserted in the control loop. Further investigation revealed a switching 
current imbalance between the two MOSFET switches. It was determined that a 
slight adjustment of the DC offset of the sine wave reference remedied the 
problem. The DC servo loop recommended would sense the transformer voltage 
and feed an error signal to the sine wave reference thus making the system 
more robust and immune to adverse effects of test equipment such as frequency 
response analyzers. 

A UC1707 gate drive I.C. should be icncorporated to replace the present two 
chip gate drive comprised of the 74LS04 and DS0056. Although the DS0056 
greatly simplifies the gate drive design the UC1707 goes one step further by 
providing inverting and non inverting inputs. This means the use of the 74LS04 
to produce comlimentary waveforms is no longer neccessary. 

The use of METGLAS core material will improve efficiency of the converter. 
This recommendation is based upon computer analysis done on the Load 
Converter transformer in which several materials such as Permalloy 80, 
Supermendur, and METGLAS were compared. The METGLAS material was found 
to be much more efficient than others due to its ability to support a high flux 
density level thus making the transformer less massive. 

An input LC filter should be incorporated to reduce conducted emissions. This 
filter must be designed to attenuate conducted emissions at 400Hz. This means 
the filter may be fairly large for single phase output application. Three phase 
applications would not require as large a filter due to higher frequency. 

A precision sawtooth wave generator would reduce distortion of the output 
waveform. Although the breadboard exhibited low output distortion under most 
operating conditions harmonic distortion did become noticable under low input 
voltage and maximum load conditions. This meant that the sinusoidal error 
signal was nearly the same amplitude as the sawtooth wave. Non linearities 
near the peaks and valleys of the sawtooth wave caused distortion of the output. 
A precision sawtooth wave without or with less non linearity would not 
contribute to the distortion of the output. 



RECOMMENDATIONS (cont.) 

A current limit function should be incorporated, as mentioned in the 
Functional Description the current limit function of the PWM chip is not used. 
This would be a relatively trivial function to incorporate and is seen as a must 
in order for the converter to possess the ability to start a motor. Current 
programming of the power stage is an attractive option when ronsidering this 
function due to the inherant current limiting of this approach. Other benefit 
to be had with the current program approach as well: simplified control o p 
design due to single pole filter response for example. 

The direct sense feedback amplifier must be redesigned using higher value 
resistors. This would improve isolation between input and output affording 
higher common mode voltage rejection in the system. 
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APPLICABLE DOCUMENTS 


Technical discussion Enclosure 2 to 

from change order #16 TEO-89-0251 

Engineering Procedures Directive EPD 849MWT 

Operations Directive 203627-100-20 
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BREADBOARD GOALS 

The goal of the Load Converter breadboard Is to prove the concept of a two 
switch forward converter with a sine wave reference producing sinusoidal 

output power. 

This is a key milestone in the development of such a converter since this had 
never been done at MMAG. Secondary goals consisted of verifying parts stress 
levels and circuit performance with the idea that this data would drive design 
nuances previously unrecognized. These refinements are difficult to to identify 
and quantify through even the most rigorous analysis. Proof of the concept of 
the converter is believed to be a success and design refinements are given in 
the Recommendations section of this report. 
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SUMMARY 


The Load Converter breadboard successfully produces well regulated, low 
distortion AC output power from unregulated DC input power. In conjunction 
with the recommended design changes discussed here it would be a simple 
matter of scaling up the basic design to achieve the original power level (175W) 
intended for the Load Converter. An on board sine wave reference is most likely 
the most significant task remaining. This along with on board housekeeping 
power capability would yield a fully self contained unit. 
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TEST DATA SECTION 


2-H 



EFFICIENCY AND REGULATION 
EFFICIENCY 


Min. line (10V) max. load ( 1 ohm) 21.1% 

Norn, line (15V) max load ( 1 ohm) 18.6% 

Max. line (20V) max. load ( 1 ohm) 16.8% 


Note: There are two main contributors to the low efficiency of the breadboard: 
1) Low output power level by design. 2) Output filter voltage drop; in a DC 
output converter this paramemter is negligible however with a 400Hz output 
the inductive reactance of the filter drops the output voltage seen at the load. 
Further investigation is required in this area to optimize filter characteristics. 


REGULATION 


Min. line (10V) max. load ( 1 ohm) Vout « 3.97 Vp-p 

Max. line (20V) mav load ( 1 ohm) Vout - 4.06 Vp-p 

Line regulation 2.2% 


Load regulation from 10 ohms to 1 ohm (resistive) was less than one per 
cent including power factor excursion of 0.9 leading to 0.7 lagging. 
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LINE CURRENT (CONDUCTED EMISSIONS) 
Vin - 10 VDC (min. line) 
max. load ( 1 ohm) 

Verticle ■ 0.5A / div. 
Horizontal = 1ms / div. 




LINE CURRENT (CONDUCTED EMISSIONS) 
Vin * 15 VDC (nom. line) 
max. load ( 1 ohm) 

Verticle - 0.5A / div. 
Horizontal = 1ms / div. 
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LINE CURRENT (CONDUCTED EMISSIONS) 
Vin = 20 VDC (max. line) 
max. load ( 1 ohm) 

Verticle ■ 0.5A / div. 
Horizontal - 1ms / div. 



OUTPUT VOLTAGE RIPPLE 
Vin * 20 VDC (max. line) 
MAXIMUM LOAD ( 1 ohm) 
Verticle = 0.2V / div. 
Horizontal « 2us / div. 









OPEN LOOP PHASE GAIN MEASUREMENT 
MIN. LINE (10V) MAX. LOAD (1 ohm) 
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OPEN LOOP PHASE GAIN MEASUREMENT 
NOM. LINE (15V) MAX. LOAD ( 1 ohm) 
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OPEN LOOP PHASE GAIN MEASUREMENT 
MAX. LINE (20V) MAX. LOAD ( 1 ohm) 




REF LEVEL /DIV MARKER 400.000Hz 

— 60 . OOOdBm lO.OOOdB MAG (R) -69.322dBm 



OUTPUT VOLTAGE FREQUENCY SPECTRUM 
MIN. LINE (10V) MAX LOAD ( 1 ohm) 




REF LEVEL /DIV 
— 60 . 000 dBm lO.OOOdB 


MARKER 400.000HZ 
MAG (R) —68 . 633dBm 



START 100 . OOOHz STOP 2 100.000Hz 


AMPTD -lO.OdBm 


OUTPUT VOLTAGE FREQUENCY SPECTRUM 
NOM. LINE (15V) MAX. LOAD ( 1 ohm) 
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REF LEVEL /DIV MARKER 400.000Hz 

—60 . OOOdBm lO.OOOdB MAG (R) -68 . B25dBm 

\ 
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START 100.000Hz STOP 2 100 . OOOHz 

AMPTD -lO.OdBm 



OUTPUT VOLTAGE FREQUENCY SPECTRUM 
MAX. LINE (20V) MAX. LOAD ( 1 ohm) 
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OUTPUT VOLTAGE 
WAVEFORM 

NOM. LINE (15V) MAX. LOAD (1 ohm) 
Verticle » Iv/div. 
Horizontal - 500us/div. 
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SILICON 

GENERAL 

l ME A« INTEGRATED C*CUTS 


SGI 524ISG2524ISG3524 
REGULATING PULSE WIDTH MODULATOR 



DESCRIPTION 

FEATURES 


This monolithic integrated circuit contains all tha control circuitry for a 
regulating power supply inverter or switching regulator. Included in a 16- 
pin dual-in-line package Is the voltage reference, error amplifier, oscillator, 
pulse width modulator, pulse steering flip-flop, dual alternating output 
switches and current limiting and shut-down circuitry. This device can be 
used for switching regulators of either polarity, transformer coupled DC to 
DC converters, transformerless voltage doublers and polarity converters, 
as wen as other power applications. The SGI 524 is specified for operation 
over the full military ambient temperature range of -55*C to +125*0. the 
SG2524 for -25*C to +65*C. and the SG3524 is designed for commercial 
applications of 0*C to +70*C. 

• 8 V to 40V operation 

• 5V reference 

• Reference One and loed regulation of 0.4% 

• Reference temperature coefficient <11% 

• 100Hz to 300KHz oscillator range 

• Excellent external sync capability 

• Dual 50mA output transistors 
« Current Umtt circuitry 

• Complete PWM power control circuitry 

• Single ended or push-pull outputs 

• Total supply current lees then 10mA 



HIGH REU ABILITY FEATURES - SGI 524 

! 


♦ Available to MtL-STD483B and DESC SMO 
+ MIL-te-385 10/1 2601 BEA - JAN1524J 

♦ Radiation data available 

♦ SG level processing available 
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SG1524/SG2524/SG3524 


absolute maximum ratings DM1) 

Input Voltage (*V 40V 

Collector Voltage -0.3V to 5.5V 

Logic Inputs **** 

CufTent Lknrt Sanse Inputs 
Output Current (•** tranwtor) ... 

Reference Load Currant 

Nom t . Values bayond Much damapa may cea*- 

MCOMMENOEO OfOATK COHOtTIOWS ... . 
thermal 


. -0.3V to 0.3V 

... 100mA 
50mA 


SmA 

Oscillator Charging Current 

Operating Junction Temperature ,7S*C 

Hermetic (J. F. L Peerages) ~ 150*C 

Plastic (N. OW Padtagaa) w , 

Storage T «^ a * u ^^"V 0 '»i^’r''.'. a 00 * 0 

Lead Temperature (SoWenng. to seesaw 



■ 

■ 

■ 

II 

■ 

II 

1 

s 

i 

1 

i 

■ 

■ 

■ 

■ 

■ 

1 

i 

1 

■ 

Ib^ 


9 

II 

■ 

■ 

1 

H 

i 

i 

S 

EM 

I 


mm. oummoa "*~"» TU * £ 

ELECTRICAL 

_ 8V 10 40V 

Ir^ut Voltage (♦V J 0 V to 40V 

Collector Voltage Z..18V to 3.4V 

Error Amp Common -0.3V to 0.3V 

Current Umrt Sense Common Mode Range ..^ Q (q 

Output Current (each transistor) ~ Q t0 20mA 

Reference Load Current *"**“* 3^ l0 2mA 

Oscillator Charging Current 

Now 2: Rang. *• ***** 


4 pomg * owspatiom case 


Tf**e*Anjnc 


_ QafWVI /. 1 oohz to : 

Osciftator Frequency ~ 1 &kq to 10 

OsoMtor Timing : ... , n F to 1J 

OscHlator Timino Capacitor (C t ) 

Operating Ambient Temperature Range ^ B ,j 

SG1S24 -2S*C to I 

SG2S24 (rc»l 

SG3524 


ELECTRICAL.SPECIflCATlONS 
“ .20V. .nd oe^m«0 -"P*™"*- ' 


Parameter 


Teat Conditions 


Reference Section (Now 3] 

Output VoRage a 

Line Regulation 
Load Regulation. 

Temperature Stability 1*°" ^ I 

Total Output Voltaoe Range (No*. 71 
Short Circuit Current J. 


i t ~ssrc 

V_ . 8V 10 40V 

0*9 20mA - 

Ouer Operating Temp erature Rang e 

(Xer Una. Load and Tempamtiae 

w .OV 
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KHn.jTyp.IMaa- 

S 

MlnT] 

4.80 

5.00 

5^0 

20 


' 


’ 50 
SO 


|4*0 

25 

. ■ 

$£0 

4.60 

SO 

150 

25 


5.00 
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50 


150 
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ELECTRICAL SPECIFICATIONS 


Parameter 


Oscillator Section (Note 4 


Inilial Accuracy - 

Voftao* StabNty 
Maximum Frequency 
Sawtooth Psak Voltage • 
Sawtooth VaNey Volta ge 
Clock Ampftude * - * 
Clock Pulse Width 


Taat Conditions 


SCI 524/2524 | SC3524 


Input Offset Voltage 
Input Bias Currant 
Input Offset Currant ' 
DC Open Loop Gain 
Output low Level ~ 
Output High Laval 
Common Moda Reaction 
Supply Voltaga Rejection 
Gain-Bandwidth Product 




■ T>2S*C 

„ * V.A *v“ 

MIN S Tj i MAX 


V.- 8 V to40V .:<>■ 

? , ■ 

R, - 2KO. C, - InF 


’V rf .«r 

•* ’ ' 

V.- 8 V 


*K . .•SfcK-SL C£ J 

* ' X'* --o 


R.S2KQ ‘ ‘ 


1 ^ * # *• * ■: 

"•* **.. «tr?r * li . 

R l 210MO. Tj . 25*C 


“’VpSr.rv^.Msomv 

■ **•: 

£1 50m V 


•Vo,- 1.0V to 3.4V 

• 4r»*. v s „t 

V M . 6 V 10 40V 


lTj-25^; 






.160 J 200 1 220 mV 
I 1 200 nA 


T,-2S-C 
MIN *T< MAX 


Threshold Voltage 


icamm-i sinjcaggs: 


Collector Leakage Current 
Collector Saturation Voltage 
Emitter Output Voltage 7 
Collector Voltage Rise Time 
Collector Voltage Fal Time 


Power Consumption 


Not# 4. F . 40KHI (R, - 2-9KQ. C T - .0t M F) 

NottS. - 2-5V 
Not# 6 . V^-OV 

Not# 7. The## parameters. although guar a nt ee d ever the recommended operating 



J in production. 
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application notes 

OSCILLATOR ao ertarna l r«s«tor R, , » 

The osonanx m m, S G ~ ~ , *,«> external capacitor 

«stat*sh a constant charging e ^*" s ^. coor *cled RC. it 

provides a *"•*' ramp v^g« V^ aUK . The charging 

0 (C T detefin«te»tl*^'^' M , Wanking poteeto 

The potae * there tenoLssiWrty of having both 

both outputs to «**•»*» t^ns^s This output 

outputs on A pulse width below 

deadtime re lationsh ip tailore , ^ internal flip-flop 10 

0.35 microseconds may cause tawum tOOOpF. (Note: 

Although the oso** 1 * increase the pulse width and 

inpuL th« <>"** Obviously, It* upp* 

deaeasethe rwtotw Ire^wn^sHJ^ ^ mod uU»n range 
■vrvt K> th. pulse width ^ctwrg Irequency. 

:£££» w *. — ' ■ « ■ *~ 

srstests ■sszsZ " — - 

wide range of operating frequencies. 


w'T <4 

c/~i^24s must be synchronized ^ 

C T Of the master^a ^^pedanee node, this sync 


Vtv=5& a£> 




rci 


OSOLLATOK «CO**CV - «Z 





Norn mat * ssssm states 
wireORed lor an efl .___„ ^ ^ tame as the osdflator 
connection, me “^J^^wtions. the outputs are used 

g^SSSSJS.we-e «*■■■> ; 

tanner is 1/2 the osaSator frequency. 

positive pulse .nri C, values that cause It to J 

1™* ^ !Sc Wequ^rcy- A sync P*. : 

bee-run at 90% old* and a minimum log* t of 

with a maximum logicO rtcgilteiof to the external 

♦2.4 volts WM ^ w ^^pSS^ be 200 nw'. 

* ouro *' ** ** 
econds. •*** ** l"***"^^ never be drWen more negative • 
deadtime. The ctockp* than +5.0 volts. The nominal 

volts. nornwmf^^* dock pin. t25% over, 
resistance to ground * -»-*n •» > 

temperature. Jj 


APPLICATION NOT 


j CURRENT UMITING 
j The current limiting arc 
i By matching the bast 
assuming a negfcgibie i 

C.L Threshold - V E 
- 2C 

Although this circuit prc 
negligible temperature t 
its use because of its s 

J The most important o 
! voltage range: ±0.3 volt 
m the ground or return tir 
| should be taken to not Xl 
j integrated circuit even 
damp diode at Pm 5 nv 
achieve this. 

a second factor to cons* 
stow. The current limit 
P. . C, and Ql, resuftin 



” conventional 
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’ T vc *® moduiatu 
c Phase corn 
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APPLICATION NOTES (continued) 


CURRENT LIMITING 

The current limiting circuitry of the SG 1 524 is shown in Figure 3. 
By matching the base-emitter voltages of 01 and 02, and 
assuming a negligible voltage drop across R1 : 

C.L Threshold - V^fOl) ♦ l,*R, - V #e (Q2) - l,*R, 

- 200 mV 

Although this circuit provides a relatively small threshold with a 
negligible temperature coefficient, there are some limitations to 
its use because of its simplicity. 

The most important of these is the Smiled common-mode 
voltage range: ±0.3 volts around ground. This requires sensing 
to the ground or return line of the power supply. Also precautions 
should be taken to not turn on the parasitic substrate diode of the 
integrated circuit even under transient conditions. A Schottky 
damp diode at Pin 5 may be required in some configurations to 
achieve this. 

A second factor lo consider is that the response time is relatively 
stow. The current limit amplifier is totematty compensated by 
R 5 „ C, and 01. resulting to a roM-off pole at approximately 300 


A third (actor to consider is the bias current of the C.L Sense 
pins. A constant current ol approximately 1 50pA flows out of Pin 

4, and a variable current with a range of 0-1 50pA flows out of Pin 

5. As a result the equivalent source impedance seen by the 
current sense pins should be less than 50 ohms to keep the 
threshold error less than $ V 

Since the gain of this circuit « relatively low (42 dB). there is a 
transition region as the current limit ampfifier takas over pulse 
width control from the error amplifier. For testing purposes, 
threshold is defined as the input voltage required to get 25% duty 
cyde (+2 volts at die error amplifier output) with the error 
amplifier signaling maximum duty cycle. 

APPLICATION NOTE: If the current limit hjnctm is not used on 
the SCI 524, the common-mode eottege range restriction re- 
quires both current sense pins to be grounded. 


ERROR 

amplifier 


*1 .. "i 


COMPARATOR 


(0- SCNSC 


9 - cuwteMT iMff mo ememr* v o* tvc SGis*a 



m this conventional single-ended regulator circuit the two out* 
Outs ol the SG 1 524 are connected to parallel lor effective 0 - 90% 
cuty cycle modulation. The use of an output inductor requires 
-*nc R-C phase compensation network for loop stability. 


Push-pull outputs are used to this transformer-coupled DC-DC 
regulating converter. Note that the oscillator must be set at twice 
the desired output frequency as the SGl524*s internal flip-flop 
divides the frequency by 2 as it switches the P.W.M. signal from 
one output to the other. Current Smiting is done here to the 
primary so that the pulse width wifl be reduced should trans- 
former saturation occur. 
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CONNECTION ™ a r. B AMS 1 ORDERING INFORMATION <S~ 
f~ imhlMlI 


Pacfcaga 

i*.pin ceramic d*» 
j. package 


IS-PtN PLASTIC WP 

N . package 


16 ^»J MARROW BOGY 
PLASTIC S.O.t.C. 

0- PACKAGE 


Part No. 

SG1524J/883B 

SG1S24J 

SG2S24J 

SG3524J 


SG2S24N 

SG3S24N 

SG2S240 

SG3S24D 


Amblant 

TawgagWa Rang# 

-55*C 10 125*C 
•55*C to 125*C 
•25*C to 85*C 
0*Cto70*C 

-Z5*C to 85*C 
0*C»70*C 

-25*C to 85*C 
CTC to 70*C 


Compaction Otagram 


MV. MW h' ** - 1 

NilMT "2 * V “ 

oac. output " * 14 ^ 

*C O' 4 *h3 

UtMf C» C 4 

n, q* "P 

c, CT *h «NM1 

0M0UN0 IP C0M 


MV.MPVT 
H.LMPUT 
OK- OUTPUT 

C, 

OMXJNO 



c. 

e. 

•MJT09MW 

OOMP€#«AnON 


1* PIN CERAMIC 
FLAT PACK 
F - PACKAGE 


SG1524F/883B 

SG1524F 


■S5*C to 125*C 
•55*C to 125*C 


20-PIN CERAMIC 
LEADLESS CHIP CARRIER 
L- PACKAGE 


SGI 52 417833 B 
SG1524L 


<55*0 to 125 B C 
-55*C to 125*C 


mv.mput C 
M.I.MPUT C 

OSC OUTPUT t 
aCUttNSE I 

C.L*C«« I 

I 

c, I 

OMOUMO 


1 N.C 

2 V — 

J MV INPUT 4 > 

4, MX INPUT t ; 

I OKOUTPUT € j 

t..CLS£HSC 
7..C4.S€«S£ ,5 

A* 

• c, 

I6.0POUM0 



v„ 

•V. 

*. f 

nmo a i 

OOMTCMATOI 


1 

It COMP J 

It SHUTOOMM j 

1S.M.C. 4 
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DESCRIPTION 

The SG1524B is . 
p^nch features im 
SGI 524. A dire 
combines advance 
improved referenc 
error amplifier and 
triggering and Ql«tr 
oscillations. The o 
response, whHe an 
prhen the supply vc 
suppression logic i 
pm is used for pcrts* 
for operation over t 
125*C. The SG252 
85°C. and the SGC 
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MOS Memory Interface Circuits 


DS0026, DS0056 5 MHz Two Phase MOS Clock Drivers 

General Description 


DS0026/DS0056 are low coil moooliihic high speed 
two phase MOS dock drivers and interface circuits. 
Unique circuit design provides both very high speed 
operation and the ability to drive large capacitive loads. 
The device accepts standard TTL/DTL outputs and 
converts them to MOS logic levels. They may be driven 
from standard 54/74 series and 54S/74S series gates 
and flip-flops or from drivers such as the DS8830 or 
DM7440. The DS0026 and DS0056 are intended for 
applications in which the output pulse width is logically 
controlled; t.e., the output pulse width is equal to the 
input pulse width. 

The DS0026/DS0056 are designed to fulfill a wide 
variety of MOS interface requirements. As a MOS clock 
driver for long silicon-gate shift registers, a single device 
can drive over 10k bits at 5 MHz. Six devices provide 
input address and precharge drive for a 8k by 16-bit 
1103 RAM memory system. Information on the correct 
usage of the DS0026 in these at well as other systems is 
included in ihe application note AN-76A. 

The DS0026 and DS0056 are identical except each 
driver in the DS0056 is provided with a V S8 connection 
to supply a higher voltage to the output stage. This aids 


Connection Diagrams <top views* 


TO 5 ?»«*••• 


OimMa-Lmm Package 

K **T» HI I 


in pulling up the output when it is in the high state. An 
external resistor tied between these extra pins and a 
supply higher than V* will cause the output to pull up 
to (V* - 0.1V* in the off state. 

For OS0056 applications, it is required thit an axternal 
resistor be used to prevent damage to the device when 
the driver switches low. A typical V 88 connection is 
shown on the next page. 

These devices are available in 8-lead TO-5. one watt 
copper lead frame 8-pin mini-0 IP. and one end a half 
watt ceramic DIP, and TO-8 packages. 

Features 

■ Fast rise and fall times-20 ns with 1000 pF load 

■ High output swiog-20V 

m High output current drive— * 1.6 amps 

■ TTL/DTL compatible inputs 

■ High rep rate— 5 to. 10 MHz depending on power 
dissipation 

a Low power consumption in MOS 0* state— 2 mW 
e Drives to 0.4V of GND for RAM address drive 


Ret Package 

r ac an • ■ ei * x 

|m lu hi In l» I 1 .If 
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AC Test Circuits and Switching Time Waveforms 
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Typical Applications 


AC «*>* o«k (*»*» 


DC "AM kUmocy 

OriM tfw W— ***** rl 


WMHMt 
urn mm inn 




OF.iG!^A.L PAGE IS 
OF POOR QUALITY 







4 . 


Application Hints 

DRIVING THE MM5262 WITH THE 
0S0056 CLOCK DRIVER 

The clock signals for the MM5262 have three require- 
ments which have the potential of generating problems 
tor the user. These requirements, high speed, large 
voltage swing and large capacitive loads, combine to 
provide ample opportunity for inductive ringing on dock 
tines, coupling dock signals to other docks and/or 
inputs and outputs and generating noise on the power 
supplies. All of these problems have the potential of 
causing the memory system to malfunction. Recognizing 
the source and potential of these problems early in the 
design of a memory system is the most critical step. 
The object here is to point out the source of these 
problems and give a quantitative feel for their magnitude. 

Line ringing comes from the fact that at a high enough 
frequency any fine must be considered as a transmission 
line with distributed inductance and capacitance. To 
see how much ringing can be tolerated we must examine 
the dock voltage specification. Figure 6 shows the dock 



FIGURE 6. Clock Waveform 

specification, in diagram form, with idealized ringing 
sketched in. The ringing of the dock about the V B level 
is particularly critical. If the Vjj - 1 V OM is not main- 
tained, at a// times, the information stored in the memory 
could be altered. Referring to Figure 1, if the threshold 
voltage of a transistor were -1.3V, the dock going to 
~ 1 would mean that all the devices, whose gates 
are tied to that dock, would be only 300 mV from 
turning on. The internal circuitry needs this noise 
margin and from the functional description of the RAM 
it is easy to see that turning a dock on at the wrong 
time can have disastrous results. 

Controlling the dock ringing is particulary difficult 
because of the relative magnitude of the allowable 
ringing, compared to the magnitude of the transition. 
In this case it is IV out of 20V or only 5%. Ringing 
can be controlled by damping the dock driver and 
minimizing the tine inductance. 

Damping the dock driver by placing a resistance in 
series with its output is effective, but there is a limit 
since it also slows down the rise and fall time of the 
dock signal. Because the typical dock driver can be 
much faster than the worst case driver, the damping 
resistor serves the useful function of limiting the 
minimum rise and fall time. This is very important 
because the faster the rite and fall times, the worse the 
ringing problem becomes. The size of the damping 
resistor varies because it is dependent on the details of 
the actual application. It must be determined empirically. 
In practice a resistance of 10 ohms to 20 ohms is usually 
optimum. 


Limiting the inductance of the dock lines can be 
accomplished by minimizing their length and by laying 
out the lines such that the return current is closely 
coupled to the dock lines. When minimizing the length 
of dock lines it is important to minimize the distance 
from the dock driver output to the furthest point 
being driven. Because of this, memory boards are 
usually designed with dock drivers in the center of 
the memory array, rather than on one side, reducing the 
maximum distance by a factor of 2. 

Using multilayer printed circuit boards with dock lines 
sandwiched between the V DO and Vjj power plains 
minimizes the inductance of the dock lines. It also 
serves the function of preventing the docks from coupling 
noise into input and output lines. Unfortunately multi- 
layer printed circuit boards are more expensive than 
two sided boards. The user must make the decision as 
to the necessity of multilayer boards. Suffice it to say 
here, that reliable memory boards can be designed using 
two sided printed circuit boards. 

The recommended dock driver for use with the MM4262/ 
MMS262 is the 0S0056/DS00S6C dual dock driver. 
This device is designed specifically for use with dynamic 
dreuits using a substrate. V Be , supply. Typically it will 
drive a 1000 pF load with 20 ns rise and fall times. 
Figure 7 shows a schematic of a single driver. 


HK 



FIOUME 7. Sctamt* 1 1/1 OSOOM 

In the CMC of the MM5262. V* n « +5V *nd V„ it 
+8.5V. V BB should be connected to the V BB pin 
shown in Figure 7 through a 1 kO resistor. This allows 
transistor Q4 to saturate, pulling the output to within a 
Vc« of the V* supply. This is critical because as 
was shown before, the V^ - 1 0V dock level must not 
be exceeded at any time. Without the V BB pull up on 
the base of Q4 the output at best will be 0.6V below 
the V* supply and can be IV below the V* supply 
reducing the noise margin or this line to zero. 


OF P 





Application Hints (Continued) 
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FIGURE 9 . Clock CoupUoe 


With a dock transition of 20V the magnitude of the 
voltage generated across C L is: I 


V - WV '^' OT "(^ '* 

. 
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2 2 Tv low^'»" *«• 

2— 

izzrzrzz. . yss 
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' mCcK Tx 20x10- 

This exceeds the total output curmnt wring sc it 
obviously significant. 


Ficunt e. c** »«"»» ivdiae* — cw.md 
flow, .n the V andas voltage 

" %-rrs d A rivT“ t 

:,r« csrtft- 

•«— w "ZJLm. 

^T™=rSr=t== 

O, capacitance hem, drwoh^ Usn,^ ^ j$ m<Mt 

SSK’-*— r ^ n 77 0 v 2 

lines, to the dock arivvr. 

2, This to. reduce the lin« inducunce and 

mere fore the ma*i.tud. ol the volt.* transients. 

While discussing the dock driver, it should beamed 

sr.«-=TJKW=H 

■* 

often overlooked. 

—• -r: 

generators- Figurr s snows ■ iftpot 

parasitic coupling p , r , $1 „c lumped line 

lines being driven by a 740*. « s' 


Clock coupling to inputs and outputs can be minimi 
by using mul.ilh« pdnMd V"**^*^ 

nmg dock lines JF ^ mln ; m i Z e per* 

- clock, to the *n« 

question. 

. . ,, ,, r fc. m.aniina it is also important 

srs fSJ?* 

coupling noise from the 9* ^ han H 

ts of no particular consequence. On . 

«*,„» inputs will be sensitw. to no*. eouP« - 

pi dock. 

naiftiMAL PAGE IS 

OF POOR QUALITY 








N-CH ANNEL 
POWER MOSFETs 


500 Volt, 0.85 Ohm HEXFET 
TO-220AB Plastic Package 

I he . H # E ^ PE I* ,echnol °0y « the key to International 
Rectifier's advanced line of power MOSFET transis- 

‘?7 h J‘ geometry ^ and unique processing 
of the HEXFET design thieve very low on-state 
resistance combined witn high transconductance 
and great device ruggedness. 

Th f " E * F ?T ,ransis,ors a| so feature all of the well 
established advantages of MOSFETs such as volt- 
age control, freedom from seconc akdown. very 

of para,le,in 0. a, ,d temperature 
stability of the electrical parameters. 

They are well suited for applications such as switch- 
ing power supplies, motor controls, inverters, chop- 
pers, audio amplifiers, and high energy pulse circuits. 



IRF841 


Features: 

■ Compact Plastic Package 

■ Fast Switching 

■ Low Drive Current 

■ Ease of Paralleling 

■ No Second Breakdown 

e Excellent Temperature Stability 

Product Summary 


Part Number 

Vos 

R OSton| 

•o 

IRF840 

500V 

0.85*1 

8.0/ 

(RF841 

4S0V 

0.8SQ 

8.0A 

IRF842 

500V 

non 

7.0A 

IRFS43 

450V 

M0 fl 

7.0A 
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IRF840, IRF841, IRF842, IRF843 Devices 
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Fig. 18 - Gat# Charge T«t Circuit 
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T-JUNCTION TlUftNATURI CO 

•Fig. 19 - Typical Tim* to Accumulated 1 % Failure 


Injunction tcmreratune co 


•Fig. 20 - Typical High Temperature Reeern 8i* 
(HTRB) Failure Rate 
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